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Abstract 

Bac kgr ound: The mild cogniti v e impairment (MCI) sta ge among elderl y indi viduals is v er y complex, and the lev el of dia gnostic accu- 
racy is far from ideal. Some studies have tried to improve the ’MCI due to Alzheimer’s disease (AD)’ classification by further stratifying 
these patients into subgr oups. De pr ession-r elated symptoms may play an important role in helping to better define the MCI stage in 

elderl y indi viduals. 

Objective: In this w ork, w e explored functional and structural differences in the brains of patients with nonde pr essed MCI (nDMCI) 
and patients with MCI with de pr essi v e symptoms (DMCI), and we examined how these groups relate to AD atrophy patterns and 

cogniti v e functioning. 

Methods: Sixty-five participants underwent MRI exams and wer e di vided into four gr oups: cogniti v el y normal, nDMCI, DMCI, and 

AD. We compared the regional brain volumes, cortical thickness, and white matter micr ostructur e measur es using diffusion tensor 
imaging among groups. Additionally, we evaluated changes in functional connectivity using fMRI data. 

Results: In comparison to the nDMCI group, the DMCI patients had more pronounced atrophy in the hippocampus and amygdala. 
Additionally, DMCI patients had asymmetric damage in the limbic-frontal white matter connection. Furthermore , tw o medial pos- 
terior regions, the isthmus of cingulate gyrus and especially the lingual gyrus, had high importance in the structural and functional 
differentiation between the two groups. 

Conclusion: It is possible to differentiate nDMCI from DMCI patients using MRI tec hniques, whic h may contribute to a better c har ac- 
terization of subtypes of the MCI stage. 

Ke yw ords: mild cogniti v e impairment; de pr essi v e disorders; Alzheimer’s Disease; neur oima ging 
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Introduction 

Patients with mild cognitive impairment (MCI) have an evi- 
dent cognitive decline that differentiates them from cognitively 
healthy individuals, but is mild enough to not be c har acterized 

as a specific form of dementia. In elderly individuals, MCI is also 
known as a transitional stage between healthy ageing and demen- 
tia such as Alzheimer’s disease (AD) (Albert et al., 2011 ). 

One of the most commonly used set of diagnostic criteria to di- 
a gnose MCI ar e the r ecommendations fr om the National Institute 
on Ageing and Alzheimer’s Association for MCI due to AD (Albert 
et al., 2011 ). Ho w e v er, in r outine clinical pr actice, it is a complex 
and compr ehensiv e dia gnosis . T he variability of the symptoms 
due to their recent onset, their mild presentation, or the absence 
of biomarkers with less subjectivity causes an important impact 
on diagnostic accuracy. For example, in a recent study using amy- 
loid positron emission tomography, which is one of the biomarkers 
for AD, only ∼55% of individuals diagnosed with MCI were consid- 
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r ed positiv e for amyloid (Rabinovici et al., 2019 ), which indicates
hat e v en MCI due to AD is a heter ogeneous classification that
eeds to be further specified. 

Some studies using neur opsyc hological tests and cluster tech-
iques have progressed to better characterize the clinical stage 
f MCI, and it has been divided into more specific subtypes (Ed-
onds et al., 2015 ; Machulda et al., 2019 ). There are three com-
only studied subtypes: amnestic MCI with only memory impair- 
ent; d ysexecuti ve MCI with impairment in executive functions

ther than memory, attention and naming; and dysnomic MCI 
ith a significant deficit in memory and naming. In another line
f r esearc h, some studies hav e identified subtypes based on br ain
trophy or tau protein accumulation in AD patients, which can
lso be identified in MCI due to AD (Whitwell et al., 2012 ; Ferr eir a
t al., 2017 ). Three main subtypes were identified: typical AD with
lterations in the medial temporal lobe and in regions of the as-
ociativ e cortex; limbic-pr edominant AD with higher alter ations
School of Medicine/West China Hospital (WCSM/WCH) of Sichuan Uni v ersity. 
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n the hippocampus; and hippocampus-sparing AD with higher
lterations in the associative cortex. 

Another factor that contributes to MCI heterogeneity is codom-
nance with other diseases that affect the br ain, suc h as neur ov as-
ular and psychiatric diseases, with de pressi ve disorder being one
f the most fr equent. Depr ession-r elated symptoms hav e a high
r e v alence in older adults diagnosed with MCI, between 20 and
0% (Zubenko et al., 2003 ; Leyhe et al., 2017 ), and cognitive de-
line is a typical comorbidity in older adults with major depres-
ion (Alexopoulos et al., 2000 ). In addition, older adults with de-
ression and MCI are more likely to convert to AD (Gabryelewicz et
l., 2007 ). Ho w e v er, late-life depr ession (LLD), i.e. major depression
n elderly individuals, is normally considered an exclusion factor
or the diagnosis of MCI due to AD because depression is also a
rimary cause of cognitive decline . T herefore , there are few stud-

es on MCI that consider the influence of de pressi ve symptoms
n their analyses. Ho w ever, individually, studies with magnetic
 esonance ima ging (MRI) hav e consolidated adv ances to ma p the
tructural and functional alterations in the brains of individuals
ith AD and LLD. 
Hippocampal atrophy is one of the most common MRI signs in

atients with AD and MCI (Du et al., 2001 ). Hippocampal atrophy
s also a common MRI sign inpatients with LLD (Bell-McGinty et
l. , 2002 ; Du et al. , 2014 ), but its intensity is lo w er than among pa-
ients with AD (Joko et al., 2016 ). Atrophy in other medial temporal
obe r egions, suc h as the amygdala, can also be found in AD, MCI,
nd LLD (Du et al., 2014 ; Tabatabaei-Jafari et al., 2015 ). Although
osterior cingulate/pr ecuneus atr ophy that is typical in AD and

n MCI (Jacobs et al., 2012 ) does not appear to be as common in
LD (Ribeiz et al., 2013 ), the reduction in the frontal areas and the
ncrease in the lingual gyrus volumes in LLD (Ribeiz et al., 2013 ;
u et al., 2014 ) are not as commonly seen in MCI or in the early

ypical AD stage. 
In diffusion tensor imaging (DTI) studies, which can be used to

nal yse the micr ostructur e of the white matter and its organiza-
ion, uncinate fasciculus and cingulate tract degeneration was as-
ociated with medial temporal lobe atrophy both in MCI (Liu et al.,
011 ; Sun et al., 2014 ) and LLD (Wen et al., 2014 ). Otherwise, lo w er
hite matter integrity in the fornix and posterior corpus callosum

splenium) fibres appear to be related to MCI (Liu et al., 2011 ; Sun
t al., 2014 ), as in the anterior corpus callosum (genu) and anterior
ingulum to LLD (Bae et al., 2006 ). 

In studies using MRI functional connectivity (FC), which mea-
ures aspects such as the intensity that spatially apart brain re-
ions functionally connect to each other to perform a task, there
s a common pattern of changes in AD participants’ br ains. Mainl y,
he default mode network decreases its intrinsic and extrinsic
onnectivity, while the salience network acts inv ersel y, incr easing
ts connectivity (Brier et al., 2012 ; Balthazar et al., 2014 ). A similar
attern is observed in MCI due to AD participants (Badhwar et al.,
017 ). In LLD patients, alterations in FC are not consistent; how-
 v er, high FC within the default mode network (Alexopoulos et al.,
012 ) and low FC within the salience (Yuen et al., 2014 ) and exec-
tiv e contr ol (Alexopoulos et al., 2012 ) netw orks, as w ell as local
hanges in the dorsolateral prefrontal cortex (Alexopoulos et al.,
012 ), and in the anterior cingulate (Yuen et al., 2014 ), are some of
he most common findings in the liter atur e. 

As mentioned earlier, the stage known as MCI is very hetero-
eneous within the elderly population and may have different
auses , symptoms , and treatments . Some studies ha ve tried to
mpr ov e this classification by stratifying these patients into sub-
r oups, and we belie v e that depr ession symptoms among elderl y
atients may play an important role in helping to better define the
CI gr oup. Additionall y, although MCI, AD, and LLD patients have
een mor e extensiv el y studied using MRI, fe w studies hav e sought
o define these changes in patients with MCI who do not meet
he criteria for major depression but still have moderate and per-
istent de pressi ve symptoms . T herefore , the following questions
rise. Based exclusiv el y on the neur oima ging findings, is it possi-
le to differentiate the brains of nondepressed MCI (nDMCI) from
hose who have depression symptoms and MCI (DMCI)? If possi-
le, which is our current hypothesis, and considering that patients
ith concomitant MCI and de pressi ve symptoms are at higher

isk of converting to AD, do these differences between nDMCI and
MCI have similarities to brain changes already known in AD? 
In this context, we used MRI multimodality techniques that

ave been shown to enhance the ability to c har acterize br ain
tructures and analyse brain functionality (Lin et al., 2012 ; Hao
t al., 2013 ; Salvador et al., 2019 ) to analyse structural and func-
ional brain changes in MCI patients with and without de pressi ve
ymptoms. We also compared these two groups with cognitively
ormal older adults (CN) and AD patients. 

ethods 

articipants 

ixty-five participants divided into four groups were enrolled in
his r etr ospectiv e cr oss-sectional stud y at the Uni versity Clinical
ospital. T he in v estigation was a ppr ov ed by the hospital ethics
ommittee, and all participants provided informed consent. Clin-
cal e v aluations and MR exams wer e performed between 2014 and
017, and patients with MCI and AD wer e dia gnosed following
he criteria by the National Institute on Ageing and Alzheimer’s
ssociation (Albert et al., 2011 ; McKhann et al., 2011 ). Depression
e v erity was e v aluated using the Geriatric Depression Scale Short
orm-15 (GDS) (Yesav a ge and Sheikh, 1986 ), and cognitive impair-
ent status was e v aluated by the Clinical Dementia Rating (CDR)

Hughes et al., 1982 ) and Mini-Mental State Examination (MMSE)
Folstein et al., 1975 ). 

For all groups, the exclusion criteria were as follows: < 4 years
f education, age below 60 or above 90 years, Hachinski scale over
, presence of other systemic disorders associated with cognitive
ecline, and potentially clinically significant abnormalities (e.g.
ilent strokes , aneurysms , and tumor al formations) accidentall y
etected on MRI. CN participants could not hav e an y clinical cog-
itiv e or psyc hiatric disorders and had CDR = 0 and GDS ≤ 4. Pa-
ients with MCI were divided into two groups , i.e . depressed and
ondepressed, based on the following criteria: the members of
he nDMCI gr oup wer e participants without a history of depres-
ion. In ad dition, the y could not hav e a scor e > 4 on the GDS in
he period of at least 1 year before the MRI exam. Participants in
he DMCI group had recent mild to moderate de pressi ve symp-
oms . T hese participants had a score ≥5 and ≤10 on the GDS. Of
he 14 individuals in the DMCI gr oup, fiv e wer e r eceiving antide-
r essant monother a py (selectiv e ser otonin r euptake inhibitors),
nd two were receiving combination treatment between selec-
iv e ser otonin r euptak e inhibitors and benzodiaze pines. Indi vidu-
ls who met the DSM-V criteria (Marty and Segal, 2015 ) for major
epr ession (MD) wer e excluded due to the MCI diagnostic criteria
e used (Albert et al., 2011 ) and because depression could be the
rimary cause of MCI among those individuals. 

RI acquisition 

ll images were acquired using a 3T MR scanner (Achieva, Philips
edical) and a head coil with eight c hannels. High-r esolution
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Table 1: Main demogr a phic and clinical data (mean ± standard deviation) divided by groups. 

CN ( n = 19) nDMCI ( n = 17) DMCI ( n = 15) AD ( n = 14) 

Age (years) 70.5 (6.9) 74.2 (6.8) 73.7 (6.6) 75.2 (8.6) 
Education (years) 9.9 (5.0) 7.7 (5.4) 8.9 (6.2) 6.1 (2.7) 
MMSE 27.7 (1.9) 25.6 (2.5) 26.0 (3.7) 20.8 (2.7) ∗

GDS 2.4 (2.3) 2.2 (1.5) 7.5 (1.6) ∗ 2.6 (1.6) 
CDR 0 0.5 0.5 1 
Sex 13F 12F 10F 10F 

∗A significant difference between groups ( P < 0.001) based on ANOVA with Fisher’s LSD method. 
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anatomical images (3DT1) were captured using an MPRAGE se- 
quence (TR/TE = 2500/3.2 ms, 7.0 ms time echo spacing, 900 
ms in version time , voxel size = 1 × 1 × 1 mm 

3 , flip angle = 8 ◦,
FOV = 240 × 240 mm 

2 , and 160 slices). Resting-state func- 
tional ma gnetic r esonance ima ges (eyes open, no fixation) from 

each participant were acquired using an EPI sequence with the 
following parameters: 2000 ms repetition time, 30 ms echo time,
240 × 240 mm field of view, 3 × 3 mm in-plane voxel size, 4.0 
mm slice thickness, 0.5 mm slice gap, 32 slices, 80 ◦ flip angle,
200 volumes, 25.2 Hz bandwidth per pixel. DTI were also ac- 
quired using a spin −echo-EPI sequence with the following param- 
eters: TR/TE = 9300/54 ms, pixel size = 2 × 2 mm 

2 , slice thick- 
ness = 2 mm, EPI factor = 67, FOV = 256 × 256 mm 

2 , acquisi- 
tion matrix = 128 × 128 pixels, 60 slices, 33 volumes, 32 with 

diffusion gradients ( b = 1000 s/mm 

2 ) and one with b = 0, and 

ov er plus = no. 

Morphometric assessment 
Regional cortical thickness and brain regional volumes were ob- 
tained by FreeSurfer softwar e (Fisc hl et al., 2002 ) (v.6.0) using the 
Desikan–Killiany Atlas. We chose the regions of interest (ROI) on 

the basis of pr e vious MRI studies on AD, MCI, and LLD. The ROI 
c hosen wer e fr equentl y associated with the psyc hopathology of 
these diseases, as seen in the studies cited in the Introduction sec- 
tion (Bell-McGinty et al., 2002 ; Jacobs et al., 2012 ; Ribeiz et al., 2013 ; 
Du et al., 2014 ; Tabatabaei-Jafari et al., 2015 ; Joko et al., 2016 ). The 
ROI analysed are listed in the Supplementary Material. 

White matter assessment 
Diffusion-w eighted data w er e pr ocessed using the FMRIB Soft- 
war e Libr ary ( https:// fsl.fmrib.ox.ac.uk/fsl/ ) pipeline . T he data 
wer e corr ected for ed d y current distortion/head motion, and the 
brain was extracted using ed d y current corrections and brain ex- 
tr action tools. Fr actional anisotr opy, mean diffusivity (MD), axial 
diffusivity (AxD), and radial diffusivity (RD) were calculated and 

arranged in brain maps by DTIFit software. 
For the white matter analysis, we used the TRACULA (TRActs 

Constrained by UnderLying Anatomy) tool (Yendiki et al., 2011 ). It 
is part of Fr eeSurfer’s pac ka ge and uses global probabilistic trac- 
togr a phy fr om FSL combined with an Atlas and other FreeSurfer 
segmentations and parcellations to obtain eighteen tracts . T he 
name of the tracts can be seen in the Supplementary Material. 

FC 

Functional MRI data were processed using the CONN FC toolbox 
(Whitfield-Gabrieli and Nieto-Castanon, 2012 ). The complete de- 
fault pipeline, including motion correction and outlier identifica- 
tion, was performed, as well as spatial smoothing with a Gaussian 

filter of 6 mm. We performed an R OI-to-R OI anal ysis and c hose 
o use the AAL atlas (Tzourio-Mazo y er et al., 2002 ) to define the
OI. The AAL atlas is commonly used in FC studies, which would
ake it easier to compare our results to the existing literature in

his field. For each ROI defined, an averaged functional time series
as calculated, and then a Pearson correlation coefficient was es-

imated for each pair of ROI. 

ta tistical anal ysis 

he regional volumes were normalized by dividing by the total in-
r acr anial volume to reduce the effects of variations related to the
ize of the head of each participant. One-way ANOVA with Fisher’s
SD method was used to find the difference between groups in re-
ation to demogr a phic data suc h as a ge, MMSE, GDS, and years of
ducation. The same statistical test was used in the comparison
etween groups in volume and cortical thickness, as well as in
he diffusibility metrics (FA, MD , AxD , and RD). In all these cases,
e used P < 0.05. For cases where the data distribution within
 group did not follow the normality criteria, the nonparametric
ruskal −Wallis test with the pairwise method of multiple com-
arisons was used. In functional connectivity analysis, we used 

 -statistics with a threshold of P < 0.05 corrected with the false
iscov ery r ate method in gr oup anal ysis. 

W e used Pearson’ s linear correlation coefficient with P < 0.05 to
nalyse the GDS and MMSE correlation to the neuroimaging find-
ngs. Last, we used the following equation to calculate the asym-

etry index in the uncinate fasciculus: [(left – right)/(left + right)]
200. 

esults 

ample demographics 

rom the 82 individuals selected initially, six were excluded be-
ause they had a low le v el of education ( < 4 y ears), tw o w ere ex-
luded because they had major depr ession, thr ee wer e excluded
ecause they had been diagnosed with non-initial AD (CDR2), and
ix were excluded because they had been diagnosed with other
ypes of dementia (mixed or fr ontotempor al dementia). The final
tudy sample was composed of 65 participants divided into four
roups: 19 in the CN group, 17 in the nDMCI group, 15 in the DMCI
roup, and 14 in the AD group. The demographic information of
ll participants divided by groups is presented in Table 1 . There
ere no significant differences among groups in age and years of
ducation. As expected, the AD group had a lo w er mean value
n the MMSE ( F = 18.59, P < 0.0001), and GDS scores were sig-
ificantly higher ( F = 27.33, P < 0.0001) in the DMCI participants.
lthough the groups are not symmetrical in relation to the num-
er of males and females, they were paired because the number
f females was between 2 and 2.5 times the number of males in all
roups. 

https://fsl.fmrib.ox.ac.uk/fsl/
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Figure 1: Normalized brain volumes (mean ± standard deviation) of the right/left hippocampus, amygdala, lingual gyrus, and the isthmus of the 
cingulate gyrus are expressed as a percentage of the intracranial volume for the CN, nDMCI, DMCI, and AD groups. Significant differences ( P < 0.05) 
are marked as follows: a when different from the CN group; b when different from the nDMCI group; c when different from the DMCI group; and 
d when different from the AD group. 
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orphometric analysis 

olume 
n the hippocampus and amygdala, the av er a ge volume of each
roup follo w ed the pattern CN > nDMCI > DMCI > AD (Fig. 1 ).
t

o w e v er, considering the statistical test ( P < 0.05), the DMCI
nd AD groups had a lo w er v olume in the hippocampus in both
 egions and hemispher es than the CN gr oup. The AD gr oup also
ad lo w er v olumes in the bilateral hippocampus and amygdala
han the nDMCI group (Fig. 1 ). 
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Figure 2: Correlation between the right lingual gyrus volume and scores on the GDS. The blue line represents the linear regression between the data, 
with the Pearson correlation coefficient and the P value of this association being indicated in the upper right. 
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On the other hand, in the lingual gyrus and in the isthmus 
of the cingulate gyrus , the a v er a ge volumes followed the pattern 

CN 

∼= 

DMCI > nDMCI > AD. The statistical test in these two re- 
gions sho w ed that the AD and nDMCI groups had lo w er v olumes 
in the left isthmus of the cingulate gyrus and in the right lingual 
gyrus than the DMCI and CN groups (Fig. 1 ). In the left lingual 
gyrus, the nDMCI and AD groups had a lo w er v olume than the 
CN group. 

The corpus callosum volume was higher in the CN group than 

in all other groups in the middle posterior and anterior portions. It 
was also higher in the central and middle anterior portions com- 
pared to the DMCI and AD groups and higher than only the AD 

group in the posterior portion of the CC. 
Total brain volume without ventricles had no significant differ- 

ences betw een groups. Ho w ever, the DMCI group v olume average 
was closer to CN than the nDMCI group. The av er a ges in 10 4 cm 

3 

were CN = 97.7 (12.1), nDMCI = 92.1 (7.0), DMCI = 95.4 (8.4), and 

AD = 89.9 (8.4). 
White matter hypointensity v olume w as higher in the AD group 

than in the CN group but was not different between the nDMCI 
and DMCI groups. 

As we found a statistical difference between the DMCI and 

nDMCI groups in the volume of the left isthmus of the cingu- 
late and right lingual gyrus, we calculated a correlation between 

these measurements and the GDS and MMSE scales. In patients 
with MCI (nDMCI and DMCI), the GDS scor e was positiv el y cor- 
related ( r = 0.472 and P = 0.018) with the lingual gyrus volume 
(Fig. 2 ). No correlation was found between the left isthmus of the 
cingulate and the GDS. When we considered all 65 r esearc h par- 
ticipants, the correlation between the GDS and the lingual gyrus 
v olume w as not statistically significant. There was also no corre- 
lation observed of the volume of the right lingual gyrus and the 
left isthmus of the cingulate with the MMSE score. 

Cortical thickness 
The DMCI group had an av er a ge cortical thic kness closer to that of 
the CN group in the left entorhinal cortex than in the right hemi- 
sphere (Fig. 3 ). In the lingual gyrus, the result in cortical thickness 
was similar to the volume analysis in this region with the pat- 
tern CN 

∼= 

DMCI > nDMCI > AD. The nDMCI group as well as the 
AD group had lo w er cortical thickness than the CN group in both 

hemispheres (Fig. 3 ). 
The cortical regions of the precuneus, isthmus of the cingulate
yrus, and parahippocampal gyrus had bilater all y higher cortical
hickness in the CN group than in the AD group. 

TI analyses 

r actogr aphy of major tracts 
he MD and RD in the left UNC of the nDMCI group were higher
han those of the CN group in the statistical test (Fig. 4 ). On the
ther hand, the MD was higher in the DMCI group in the right
emisphere than in the CN group (Fig. 4 ). The MD and RD values

n all groups had higher av er a ge v alues in the right hemispher e
ompared to the left hemisphere in the UNC (Fig. 4 ). Ho w ever, the
egree of asymmetry was highest in the DMCI group and lo w est in
he nDMCI group. This is evident when we look at the asymmetry
ndexes whose values for CN, nDMCI, DMCI, and AD wer e, r espec-
iv el y: −1.59, −0.47, −2.36, and −2.07 for MD and −2.22, −0.60,
3.77, and −3.08 for RD. 
In the comparison between the CN and AD groups, the FA, MD,

nd RD were bilaterally different in the UNC. The MD and RD in
he right ILF and the AxD in the right SLFT and SLFP were higher
n the AD gr oup. Finall y, RD in the right CAB was higher in the AD
roup as well. 

C 

he FC between the analysed ROI in the CN group had no sta-
istically significant changes in comparison with the nDMCI and 

MCI groups. Ho w ever, 20 connections had higher FC values in
he CN group than in the AD group (Fig. 5 ). As the FC analysis
as performed in pairs, we also compared the DMCI and nDMCI
roups in relation to the AD group. Three connections had con-
omitantly higher FC in the CN, DMCI, and nDMCI groups than
n the AD group (L_HIP—R_PHG; R_HIP—L_THA; L_REC—L_TPO).
dditionall y, compar ed to the AD group, the CN shared with the
DMCI group a higher FC in the R_ANG—L_REC connection and
ith the DMCI group in the L_MFG—L_SMG connection. Finally,

ompared to the AD group, the FCs that were higher exclusively
n patients with MCI were (L_REC—R_PHG; R_REC—R_ANG) in the 
DMCI group and (R_LING—R_PHG; R_LING—L_PHG; L_ LING—
_PHG) in the DMCI group (Fig. 5 ). 
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Figure 3: Cortical thickness values (mean ± standard deviation) of the entorhinal cortex and lingual gyrus for the CN, nDMCI, DMCI, and AD groups. 
Significant differences ( P < 0.05) are marked as follows: a when different from the CN group; b when different from the nDMCI group; c when different 
from the DMCI group; and d when different from the AD group. 

F igure 4: F r actional anisotr op y (FA) and RD (mean ± standar d deviation) of the uncinate fasciculus for the CN, nDMCI, DMCI, and AD groups. 
Significant differences ( P < 0.05) are marked as follows: a when different from the CN group; b when different from the nDMCI group; c when different 
from the DMCI group; and d when different from the AD group. 
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Figure 5: Elements r epr esent connections that were significantly different ( P false discovery rate < 0.05) in the group comparison. The lo w er diagonal 
shows connections with higher FC in the CN compared to the nDMCI, DMCI, and AD groups . T he upper diagonal shows connections with higher FC in 
the CN, nDMCI, and DMCI gr oups than in the AD gr oup. Regions: 1–2 middle fr ontal gyrus L/R (MFG), 3–4 r ectus L/R (REC), 5–6 insula L/R (INS), 7–8 
anterior cingulate L/R (ACG), 9–10 posterior cingulate L/R (PCG), 11–12 hippocampus L/R (HIP), 13–14 parahippocampal gyrus L/R (PHG), 15–16 
amygdala L/R (AMYG), 17–18 lingual gyrus L/R (LING), 19–20 supr amar ginal L/R (SMG), 21–22 angular L/R (ANG), 23–24 precuneus L/R (PCUN), 25–26 
thalamus L/R (THA), and 27–28 temporal pole L/R (TPO). NS = no statistical significance. 
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Discussion 

The medial temporal lobe is a k e y region for both AD (Braak and 

Braak, 1991 ; Ramos Bernardes da Silva Filho et al., 2017 ) and LLD 

(Du et al., 2014 ; Linnemann and Lang, 2020 ) and is one of the first 
and most str ongl y affected regions during AD progression. In our 
r esults, the DMCI gr oup had lo w er v olumes in the hippocampus 
and amygdala than the control group but still had lo w er intensi- 
ties than the initial AD patients . T his more accentuated decrease 
in hippocampal volume in depressed elderly individuals follows 
the findings of other studies, both in the case of elderly individuals 
with (Chung et al., 2016 ) and without cognitive impairment (Bell- 
McGinty et al., 2002 ). Ther efor e, our findings and those of pr e vious 
studies suggest that the pathophysiological mechanisms related 

to de pressi ve symptoms in elderly individuals could be directly 
associated with the causes of this extra atrophy in the hippocam- 
pus. Ho w e v er, further confirmation is needed through longitudi- 
nal studies with a larger sample size. 

The main structural differences between the nDMCI and DMCI 
gr oups wer e in the medial posterior ar eas of the br ain (Fig. 1 ),
with significant differences in the lingual gyrus and the isthmus 
of the cingulate gyrus . T he a v er a ge v alues of cortical thickness 
and volume in these areas were very close to controls in the DMCI 
roup, unlike what we observed in the nDMCI group. Addition-
lly, the lingual gyrus had a positive correlation with the values of
he Geriatric Depression Scale (Fig. 2 ). The combination of higher
ippocampal atrophy and lingual gyrus structur al pr eserv ation
eems to be a k e y factor in de pressi ve symptoms in elderly people
ith MCI. Our findings suggest that the lingual gyrus may be an
rea of the brain that also has marked atrophy in the earl y sta ges
f typical AD, as well as neighbouring regions in the temporal lobe;
o w e v er, this finding is not commonly found in the r e vie wed lit-
r atur e. We belie v e that this differ ence can be explained because
n most of the studies, there was no special attention given to de-
ressed individuals in the MCI and AD groups or consideration
f the possibility of different types of atrophy in AD. T hus , these
ndividuals had the lingual gyrus volume pr eserv ed and thus in-
reased the mean of the group and decreased the chance of the
olumetric reduction being detected. The lingual gyrus is a region
f the occipital lobe gener all y associated with visual memory and
acial and spatial recognition (K ozlo vskiy et al., 2014 ), whic h ar e
unctions that are known to be impaired with the advancement
f Alzheimer’s disease. Atrophy of the lingual gyrus has also been
inked to poor performance in neur ocognitiv e testing and the re-
ponse to antidepressants in patients with major depression (Jung 
t al., 2014 ). 
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The volume of the middle and mid-anterior sections of the cor-
us callosum was lower in the DMCI group compared to the CN
r oup. This differ ence was not observed in the nDMCI group. The
iter atur e has div er gent r esults on CC volumetric anal ysis in pa-
ients with depression. The size and volume of the corpus callo-
um can vary compared to normal controls, with some studies
howing it to be smaller (Hahn et al., 2015 ; Ran et al., 2020 ), pre-
erved (Emsell et al., 2017 ), or even larger (Wu et al., 1993 ). In stud-
es indicating volumetric loss, it is fr equentl y observ ed in the an-
erior r egion, whic h is consistent with our findings . T he anterior
orpus callosum connects prefrontal cortex hemispheres, and ab-
ormalities in this region can impact working memory, mood, and
motional processing. (Bae et al., 2006 ). 

On examining the micr ostructur e of white matter using trac-
ogr a phy, we observ ed the most significant r esults in distinguish-
ng between the nDMCI and DMCI groups on the UNC. The UNC
onnects parts of the limbic system to the orbitofrontal cor-
ex. T his finding ma y be aligned with our morphometric anal-
ses in which limbic regions had a decrease in cortical volume
n the DMCI group compared to the CN group . Also , we noticed
n asymmetry on the white matter micr ostructur e with the DTI
calars pointing to more integrity on the left hemisphere in all
roups. Ho w ever, the asymmetry was more pronounced in the
MCI group and less noticeable in the nDMCI group. The higher
hite matter micr ostructur e integrity on the left side concurs
ith pr e vious findings in the liter atur e (Honnede v asthana Arun et

l., 2021 ). Nonetheless, it is far from consensus and seems not to
av e a r elation to handedness (Honnede v asthana Arun et al., 2021 ;
ópez-Vicente et al., 2021 ). Pr e vious studies indicates a correlation
etween reduced integrity of white matter micr ostructur e in the
NC and LLD (Colloby et al., 2011 ; Wen et al., 2014 ). Ne v ertheless,
e only found one study investigating the relationship between
igher asymmetry in UNC and de pressi ve symptoms, pointing to
 non-association (Zhang et al., 2012 ). 

Based on the ILF anatomy and its lingual br anc h, connecting
he lingual gyrus and anterior temporal lobe (Herbet, Zemmoura
nd Duffau, 2018 ), we had higher expectations for more expres-
iv e r esults, due to lingual gyrus r esults on the mor phometric
nalysis. Although no statistical differences were found in the
LF, we observed a trend that was consistent with the morpho-

etric analysis in the DMCI group, with virtually all DTI met-
ics (FA, MD, AxD, and RD) being closer to those of the control
roup than in the nDMCI group, as can be seen in the Supple-
entary material. The impact of the lingual br anc h may have

een weakened in the av er a ge ILF v alue due to the pr esence of
ther ILF br anc hes . T his could potentially be why the difference
etween groups in the ILF was not detectable by the statistical
est. 

In the functional anal ysis, the c hanges in connectivity between
he AD and CN gr oups wer e mainl y between r egions of the medial
empor al lobe, suc h as the hippocampus, amygdala, and par ahip-
ocampal gyrus . T her e wer e no significant differ ences in FC be-
ween the nDMCI and DMCI groups, nor when comparing both
roups to the normal control group. Otherwise, compared to the
D group, the hippocampus and parahippocampus had FC in-
reased with the lingual gyrus in the DMCI group. The lingual
yrus natur all y has a high positive FC with the hippocampus (Hao
t al., 2020 ), but in the DMCI group, w e observed hyper connectiv-
ty of these connections since the CN group did not have a higher
C in the same places compared to the AD group (Fig. 5 ). The lin-
ual gyrus was structur all y pr eserv ed and highl y connected to the
ippocampus in the DMCI group. T hus , we can hypothesize the

ingual gyrus may be used in a compensatory neuronal process
o minimize the functional loss due to the higher hippocampal
trophy. 

Based on our findings, the DMCI group was c har acterized by
igher atrophy than the nDMCI group in the hippocampus and
mygdala, with the volume of these regions being significantly
iffer ent fr om that of the CN gr oup, structur al pr eserv ation of the

sthmus of the cingulate and lingual gyrus, and higher asymmetry
etween hemispheres in the uncinate fasciculus . T hese character-

stics suggest that in the context of brain atrophy, our DMCI group
ould not be related to the typical AD pattern, which commonly
as atrophy in the posterior medial regions, with our AD group in-
luded, but it may still be related to the limbic-predominant sub-
ype. 

Limbic-predominant AD has a later onset, a slo w er disease
r ogr ession, and a predominance among females (Ferreira et al.,
020 ). It is also associated with LLD (Cheung and Mui, 2021 ).
o w e v er, pr e vious studies (Byun et al., 2015 ; Ferr eir a et al., 2017 )
n these AD subtypes found no association between depres-
ive symptoms and a subtype. We belie v e this was because the
atabases used in these studies excluded not only patients with
 diagnosis of major depression but also patients indicating any
egr ee of depr ession. A commonl y used inclusion criterion is GDS
5. 
To the best of our knowledge, this is the first study that has

arried out a direct comparison in terms of structural and func-
ional analysis based on images between participants with non-
epressed MCI and MCI with de pressi ve symptoms. Our findings
ontribute to a better understanding of the brain changes re-
ated to MCI conditions and the pr ogr ession to dementia; how-
 v er, some limitations can be identified in our study. More partic-
pants in eac h gr oup and a longitudinal study model could im-
r ov e our ability to answer our main questions. Evident vascular
ysfunction was used as an exclusion criterion; howe v er, v ascular
athologies have been closely related to both AD and LLD (Her-
mann et al., 2008 ), and the absence of these patients can hide im-
ortant effects in differentiating between pathologies. Howe v er,
e compared the number of white matter lesions in eac h gr oup.
hese lesions originated most often from small vessel diseases
nd other vascular dysfunctions, and we found no differences be-
ween the nDMCI and DMCI groups. 

In our study, we observed that patients with nDMCI and DMCI
ay pr esent differ ent patterns of atr ophy and functional alter-

tions that can be differentiated by neuroimaging, with some me-
ial posterior regions of the brain, with emphasis on the lingual
yrus, seeming to have a central role in differentiating these pa-
ients . T he pattern we found in the DMCI group may not be as-
ociated with the typical AD pattern of atrophy but can still be
inked to the predominant-limbic subtype with higher atrophy in
imbic regions and higher associative cortex pr eserv ation, whic h
ould need further investigation. Owing to its limitations, we can

onsider that this study has a more exploratory design, pointing
ut new and important points of attention to help future studies
etter c har acterize the MCI subtypes. 
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