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1. Title of the project:

The Human Brain Mapping Project- A resting state fMRI study of healthy controls and 
patients with Mild Cognitive Impairment (MCI) and Degenerative dementia of the 
Alzheimer's type.

2. Principal Investigator(s) and Co-Investigator(s):

Dr. Ramshekhar N Menon
Additional Professor, CBNS,
Department of Neurology
SCTIMST, Thiruvananthapuram-695011

Dr Chandrashekharan Kesavadas
Professor and Head
Department of IS & IR, SCTIMST,
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3. Implementing Institution(s) and other collaborating Institution(s):

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram

4. Date of commencement:  13/10/2014

5. Planned date of completion: 22/09/2018 (extension period)



6. Actual date of completion:  22/09/2018

7. Objectives as stated in the project proposal:

i. Identification of resting state networks in the normal human brain via functional and 
structural connectivity analysis (independent-component analysis) and hence examine 
the structural connectivity of individual resting state networks (RSN) with spatial 
correlation using diffusion tensor imaging (DTI) and hence derive a large scale 
network (LSN) analysis.

ii. Comparison of large-scale network analysis in age-matched cognitively normal 
healthy controls (CNHC), patients with mild cognitive impairment (MCI) and patients 

8. Deviation made from original objectives if any, while implementing the project and reasons 

thereof: Nil

9. Experimental work giving full details of experimental set up, methods adopted, data 

collected supported by necessary table, charts, diagrams & photographs:

The project started on 13/10/2014 after approval from the SCTIMST - Institute Ethics Committee

and receipt of funds from DST.

In this study, 135 subjects were prospectively recruited from a Memory and Neurobehavioral 

Disorders Clinic of a reputed hospital in the South Indian state of Kerala. These included 41

controls; 54 MCI patients and 40 AD patients. All subjects provided written consent according to 

procedures approved by the Institutional Ethics Committee of our institute. Participants with 

Mini Mental State Examination (MMSE) score between 28 and 30, a 0 score of clinical 

dementia rating (CDR) with formal education of >10 years, no subjective memory complaints, 

and with no serious neurological/psychiatric issues were selected as healthy controls. Participants 

with CDR of<2 and MMSE score between 13 and 21 were confirmed as AD according to 

standard NINCDS ADRDA diagnostic criteria and MCI patients were diagnosed as per the 

modif

Examination battery (ACE) and other area specific neuropsychological tests as validated before.

Sequence parameters used in this study were: Structural images were obtained using a high 

resolution reference axial 3D brain volume imaging sequence (3D Bravo) with TR/TE = 7/2.98 

ms, slice thickness = 1 mm, flip angle = 12°, matrix size = 256 × 256, and voxel size = 1 mm × 1 



mm × 1 mm. Resting fmri were acquired with TR/TE = 2500/30, flip angle = 80°, NEX = 1, slice 

thickness = 3.2. DTI was acquired with TR.TE = 8975/101.8, slice thickness = 2.0, flip angle = 

90°. MRS were acquired with TR/TE = 1000/35.0, slice thickness = 15.0, NEX = 2. Further, 

ASL images were acquired by employing 3D fast spin echo pseudo-continuous ASL sequence 

with acquisition parameters: TR/TE = 4852/10.70 ms, flip angle = 111°, voxel size = 1.875 x 

1.875 x 4, slice thickness = 4 mm, NEX = 3 and post label delay = 2025 ms. 

All participants were informed to lie down with their eyes closed in the scanner.

10. Detailed analysis of results indicating contributions made towards increasing the state of 

knowledge in the subject:

In the first phase, a pilot study was conducted in 1.5 T scanners to standardize the 

protocol. A total of 12 dementia subjects and 10 controls underwent MRI with the 

specified protocol. The collected data were analysed and identified 3 important 

networks such as default mode (DMN), Executive, Salience, among these, DMN and 

Salience only showed significant functional connectivity changes in AD patients 

compared to controls. The functional connectivity measures of DMN were examined 

using CONN software. The study revealed significant functional connectivity in the 

DMN of control and not in AD and MCI. 

The structural connectivity analysis failed to reveal any significant change in the WM

structural integrity in MCI/AD patients

A total of 23 MCI, 20 AD subjects and 18 controls underwent 3 Tesla MRI with the 

specified protocol as mentioned above.

The collected data were analysed and identified 8 important networks such as default 

mode (DMN), Executive, Salience, fronto- parietal, Sensory motor, Visual, and 

Auditory and language network. 

No significant differences were noted in structural and functional connectivity between 

MCI and controls (P<0.05, FWE corrected). The early AD group compared to controls 

and MCI revealed decreased functional connectivity changes in default-mode network 

precuneus, supracalcarine cortex) with reduced anterior connectivity and in visual 

networks (precuneus; lateral occipital cortex; lingual gyrus).

The structural connectivity analysis failed to reveal any significant change in the WM 

structural integrity in MCI patients. While, the whole brain TBSS analysis found 

significant structural changes in forceps minor, forceps major, superior longitudinal 



fasciculus, inferior fronto-occipital fasciculus, inferior longitudinal fasciculus in AD 

compared to controls. 

VBM analysis showed reduced gray matter(GM) density in the right fusiform gyrus, 

left inferior temporal gyrus, and Middle frontal gyrus in MCI whereas, the AD subjects 

revealed significant GM reduction in hippocampus, para hippocampus, amygdala, 

bilaterally, left fusiform gyrus, left inferior temporal gyrus and Middle orbital frontal 

gyrus compared to controls. 

ROI to ROI whole brain functional connectivity analysis in MCI and AD revealed 

significantly reduced functional connectivity in interlobe connections such as from 

temporal to frontal and from temporo-parietal to basal ganglia regions

Compared to MCI, AD group exhibited reduced connections from posterior cingulate 

to precuneus.

Fundamental network parameters of networks: global efficiency, local efficiency, 

betweenness centrality, cost, clustering coefficient, and degree was lower in MCI and 

AD compared to controls. 

This less number of control population was not enough to draw a possible conclusion 

as we have stated. Even though, we found significant structural and functional changes 

in AD patients compared to controls, we could not find any significant connectivity 

changes in our MCI cohort and controls. Previous studies with same line of research 

(Li et al 2016, Zhou et al 2015) demonstrated functional changes in MCI, which might 

serve as early indicators for the dysfunction and progression in the early stage of AD. 

They established the intra- and inter-network connectivity changes in around 35 

patients and 35 controls. As our cohort is comparatively less, we failed to observe

the disrupted interaction in large scale networks.

Hence, the project was extended for one year to achieve a proper result as per our 

hypothesis. In the extension phase, we acquired 23 more controls, 31 MCI and 20

AD, making a total of 41 controls, 54 MCI and 40 AD patients. 

The results obtained for different multi-modality analysis along with the extension phase are as 

follows:

I. Resting state fMRI - Results

In this study, ICA analysis using gift toolbox was performed to examine different 

temporally coherent networks. 11 resting state networks such as posterior default mode 



network, anterior default mode network, precuneus, anterior salience, insula salience, 

cerebellum, motor, primary medial visual, left parietal, right parietal and sensory motor 

network were identified (fig. 1). The differences between subject groups were 

estimated by means of Voxel-wise analysis of variance (ANOVA). The following 

contrasts were performed: HC>MCI [1 -1 0], HC<MCI [-1 1 0], HC >AD [1 0 -1], HC 

<AD [-1 0 1], MCI >AD [0 1 -1], MCI<AD [0 -1 1]. The resulting parametric maps of t 

values were thresholded at P < 0.05 uncorrected.

Further, seed analysis was performed using CONN 17.0 toolbox to measure the 

strength of the connectivity of the networks that showed a difference between the 

groups in ICA analysis.

Figure 1 : 11 RSNs identified after ICA analysis 



Table 1 : Analysis of variance (ANOVA) : DMN variations in patients with mild cognitive impairment (MCI) and 
A hy controls (HC) at P<0.05 uncorrected, cluster size 
threshold: 20

Anatomic Location Voxel

EquivZ

MNI coordinates

x y z

HC>MCI

2.70 -6 -60 24L     Precuneus

L     Middle Cingulum 2.85 -4 -8 36

L     Posterior cingulate 2.43 -26 -72 8

R      Putamen 2.12 30 -8 4

R      Supramarginal 1.80 54 -34 24

R      Fusiform 2.53 24 -72 -8

HC>AD

2.29 -2 -42 26L      Posterior cingulate

L      Frontal superior 3.34 -16 32 34

L      Inferior frontal   
operculum

2.22 -52 10 16

R      Supramarginal 3.14 42 -42 40

MCI > AD

2.26 -28 -40 56L      Postecentral gyrus

L     Posterior cingulate 2.81 -4 -40 24

L     Medial superior 
frontal

2.05 -8 30 36

R    Posterior cingulate 3.05 4 -44 24

R    Middle cingulum 1.70 4 -32 44

Figure 2 : Group IC maps of Default mode network



Table 2 : Analysis of variance (ANOVA) : Salience network variations in patients with mild cognitive impairment 
(MCI) and A <0.05 uncorrected, cluster 
size threshold: 20
Anatomic Location Voxel

EquivZ

MNI coordinates

x y z

HC>MCI

2.04 -28 24 4L     Insula

L     Middle frontal 2.63 -36 24 34

L     Posterior cingulate 2.43 -26 -72 8

R      Inferior frontal 
operculum

1.83 48 6 22

HC>AD

2.28 -30 6 14L      Insula

L      Frontal superior 3.34 -16 32 34

L      Inferior frontal   
operculum

2.22 -52 10 16

R      Supramarginal 3.14 42 -42 40

MCI > AD

2.32 -32 -2 10L      Insula

L     Pallidum 2.25 -20 -2 4

L    Rolandic operculum 2.96 -42 -2 14

R    Supplementary Motor 
area

2.73 12 20 46

Figure 3 : Group IC maps of Salience network



 

Figure 4: Functional connectivity of DMN and salience network using conn17.0 toolbox  

Figure 5: Group difference in functional connectivity in the DMN and Salience networks 



II. Volume Based Morphometry (VBM) analysis of the Gray matter

The gray matter volume differences between subject groups were estimated by 

means of Voxel-wise analysis of variance (ANOVA) in spm12. Age, gender and 

total intra-cranial volume (TIV) were used as covariates. The following contrasts 

were performed: HC>MCI [1 -1 0], HC<MCI [-1 1 0], HC >AD [1 0 -1], HC <AD [-

1 0 1], MCI >AD [0 1 -1], MCI<AD [0 -1 1]. The resulting parametric maps of t 

values were thresholded at P <0.05, corrected for multiple comparisons based on 

family wise error (FWE).

Figure 6 shows the significant Gray matter volume alterations revealed by VBM 

analyses in the three subject groups using the CAT12 toolbox.

Table 3: Analysis of variance (ANOVA): Gray matter atrophy in patients with mild cognitive impairment (MCI) and 
A <0.05 corrected, cluster size threshold: 
20

Anatomic Location Voxel

EquivZ

MNI coordinates

x y z

HC>MCI

3.54 -48 -9 1.50L     Superior temporal

L     Post central gyrus 3.48 -61.50 -9 37.5

L     Parahipocampus 3.78 -24 -10.5 -33

L     Fusiform 4.00 -28.5 -9 -37.5

HC>AD

5.91 -19.5 -6 -33L      Parahippocampus

L      Hippocampus 6.11 -24 -6 -22.5

L     Amygdala 7.14 -21 -6 -16.50

Figure 6: Statistical parametric map showing atrophy patterns in AD and MCI patients 



L      Heschl gyrus 5.63 -54 -10.50 7.50

L     Middle frontal 6.09 -31.50 49.50 10.50

L     Inferior temporal 5.50 -54 -57 -9

R Parahippocampus 5.60 21 -6 -30

R      Hippocampus 6.48 22.5 -6 -16.5

R     Amygdala 6.13 25.50 -6 -16.50

R     Heschl gyrus 5.66 48 -10.50 7.50

R     Calcarine 5.75 6 -60 16.50

R     Middle occipital 5.81 34.50 -61.50 34.50

R     Supramarginal 6.20 37.50 -36 40.50

MCI > AD

5.38 -43.50 -30 -24L      Inferior temporal

L     Parahippocampus 5.53 -19.50 -34.50 -9

L     Middle cingulum 5.34 10.50 -34.50 40.50

R    Precuneus 5.30 10.50 -67.50 46.50

III. Diffusion Tensor Imaging (DTI) tractography analysis

DTI analysis was performed on the three subject groups to investigate white matter 

integrity in AD and MCI using different ROIs for different tracts such as cingulum, 

forceps major, forceps minor, cortico spinal tract, uncinated fasciculus, superior

longitudinal fasciculus, inferior longitudinal fasciculus by means of nordicBrainEx.



DTI tracts

ADC (x10-3 mm2/s) FA

NC MCI AD NC MCI AD

Cingulum 0.754 ± 

0.092

0.787 ± 

0.097

0.790 ± 

0.110

0.56 ± 

0.162

0.53 ± 

0.13

0.511 ± 

0.15

Cortico-spinal tract 0.724 ± 

0.143

0.743 ± 

0.160

0.740 ± 

0.158

0.524 ± 

0.18

0.508 ± 

0.16

0.588 ± 

0.15

Superior Longitudinal 

Fasciculus

0.702 ± 

0.072

0.743 ± 

0.095

0.803 ± 

0.114

0.501 ± 

0.14

0.475 ± 

0.131

0.454 ± 

0.12

Inferior Longitudinal 

Fasciculus

0.753 ± 

0.132

0.814 ±

0.150

0.875 ± 

0.170

0.465 ± 

0.135

0.441 ± 

0.124

0.437 ± 

0.122

Uncinate 0.687 ± 0.730 ± 0.858 ± 0.460 ± 0.451 ± 0.440 ± 

Figure 7: Different DTI tracts obtained for cognitively normal controls 



0.103 0.119 0.123 0.181 0.165 0.155

Forceps major 0.721 ± 

0.103

0.781 ± 

0.188

0.868 ± 

0.281

0.601 ± 

0.185

0.575 ± 

0.177

0.532 ±

0.168

Forceps minor

0.703 ± 

0.123

0.721 ± 

0.144

0.749 ± 

0.185

0.593 ± 

0.185

0.575 ± 

0.168

0.442 ± 

0.149

IV. Arterial Spin Labeling (ASL) analysis

Second-level statistical procedures implemented in SPM12 was used to statistically 

analyze the CBF maps and gray matter images. CBF and gray matter volume 

differences between subject groups were estimated by means of Voxel-wise analysis 

of variance (ANOVA). Age, gender and total intra-cranial volume (TIV) were used 

as covariates. The following contrasts were performed: HC>MCI [1 -1 0], HC<MCI 

[-1 1 0], HC >AD [1 0 -1], HC <AD [-1 0 1], MCI >AD [0 1 -1], MCI<AD [0 -1 1]. 

The resulting parametric maps of t values were thresholded at P < 0.001 uncorrected 

and at P <0.05, corrected for multiple comparisons based on false discovery rate 

(FDR).

Information on regional perfusion values were extracted by means of a region of 

interest (ROI) analysis. Anatomic ROIs for the regions that showed perfusion 

changes in the whole brain analysis were defined by means of the WFU Pickatlas 

tool. Regional CBF was estimated using parameter extraction with Marsbar. Values 

within ROIs were then averaged for HC, patients with MCI and patients with AD. 

The regional Gray Matter volume for those regions reported with increased and 

decreased perfusion were analyzed using estimate ROI mean in cat12 toolbox. The 

significant areas with atrophy and difference in perfusion were overlaid on T1-

weighted standard brain images and the regions were reported in MNI with the help 

of xjview toolbox.

Table 4: Comparison of demographic and neuropsychological measures between subjects

Characteristic HC

(n = 21)

MCI

(n = 20)

AD

(n = 19)

Bonferroni corrected P value

MCI versus 
NC

AD versus 
NC

AD versus 
MCI

Sex 11/10 11/9 11/8 - - -



(male/female)

Age (mean ± SD 
in years)

64.57 ± 5.74 66.75 ± 4.08 66.68 ± 5.31 - - -

ACE 93.38 ± 4.11 81.12 ± 11.09 72.00 ± 11.09 <0.001 <0.001 0.020

RAVLT 
cumulative 
learning score

48.52 ± 8.46 33.47 ± 10.07 25.21 ± 7.15 <0.001 <0.001 0.035

RAVLT 20 min 
recall score

10.00 ± 2.82 5.41 ± 3.74 1.36 ± 1.73 <0.001 <0.001 0.001

Table 5: Multiple comparison of ROIs for CBF analysis using bonferroni correction among HC, MCI and AD. 

ROIS for CBF 
analysis

HC

CBF 
(ml/100 g/min)

MCI

CBF
(ml/100 g/min)

AD

CBF
(ml/100 g/min)

Bonferroni corrected P value

MCI versus 
HC

AD versus 
HC

AD versus 
MCI

Superior frontal 39.21 ± 8.16 36.34 ± 7.40 33.81 ± 8.36 0.762 0.111 0.982

Middle frontal 35.20 ± 8.44 32.52 ± 8.79 33.81 ± 8.36 0.956 1.000 1.000

Posterior 
Cingulate

54.43 ± 10.59 44.26 ± 8.64 39.11 ± 7.72 0.002 <0.001 0.250

Superior 
temporal

37.21 ± 4.86 35.71 ± 4.74 32.84 ± 6.32 1.000 0.036 0.296

Middle temporal 32.57 ± 5.46 31.77 ± 5.52 29.52 ± 6.93 1.000 0.341 0.738

Inferior temporal 27.90 ± 6.78 27.05 ± 7.05 24.47 ± 8.97 1.000 0.484 0.888

Parahippocampus 37.44 ± 5.58 34.20 ± 4.22 33.76 ± 7.32 0.241 0.151 1.000

Lingual Gyrus 39.96 ± 8.01 33.42 ± 5.83 31.73 ± 9.23 0.028 0.005 1.000

Fusiform 34.53 ± 5.88 31.13 ± 4.80 29.55 ± 7.48 0.242 0.039 1.000

Hippocampus 39.19 ± 6.62 32.69 ± 7.31 34.13 ± 9.72 0.034 0.147 1.000

Precuneus 38.84 ± 8.75 33.89 ± 5.90 33.89 ± 11.20 0.236 0.247 1.000

Supramarginal 35.79 ± 7.51 34.72 ± 5.64 32.13 ± 7.22 1.000 0.289 0.724

Table 6: Multiple comparison of ROIs for CBF analysis using bonferroni correction among HC, MCI and AD. 

ROIS for VBM 
analysis

HC

GM Volume 
(ml)

MCI

GM Volume 
(ml)

AD

GM Volume 
(ml)

Bonferroni corrected P value

MCI versus HC AD versus HC AD versus MCI

Superior frontal 26.59 ± 2.07 26.49 ± 3.47 24.85 ± 2.30 1.000 0.135 0.185

Middle frontal 19.91 ± 1.64 20.02 ± 2.74 18.40 ± 1.96 1.000 0.094 0.069

Posterior 
Cingulate

8.65 ± 0.77 8.58 ± 1.23 8.19 ± 1.19 1.000 0.547 0.798

Superior temporal 14.30 ± 1.21 13.67 ± 1.78 13.03 ± 1.59 0.582 0.035 0.605

Middle temporal 12.73 ± 1.11 12.68 ± 1.91 11.47 ± 1.45 1.000 0.034 0.047

Inferior temporal 11.29 ± 1.04 11.03 ± 1.61 10.05 ± 1.33 1.000 0.015 0.081



Parahippocampus 3.80 ± 0.31 3.63 ± 0.42 3.35 ± 0.42 0.450 0.001 0.087

Lingual Gyrus 7.29 ± 0.80 7.15 ± 0.76 6.65 ± 0.95 1.000 0.059 0.208

Fusiform 6.93 ± 0.63 6.73 ± 0.93 6.17 ± 1.04 1.000 0.024 0.151

Hippocampus 3.81 ± 0.32 3.53 ± 0.58 2.98 ± 0.66 0.299 <0.001 0.007

Precuneus 6.07 ± 0.71 6.18 ± 1.03 5.63 ± 0.96 1.000 0.415 0.204

Supramarginal 7.40 ± 0.64 7.51 ± 0.89 6.92 ± 0.94 1.000 0.225 0.092

Figure 8: Analysis of variance (ANOVA) (three groups, covariates: TIV, age and gender): areas of hypo-perfusion and 

hyperperfusion in patients with MCI and AD as compared with cognitively healthy controls. * FDR corrected (p < 

0.05)

Table 7: Analysis of variance (ANOVA) (three groups, covariates: TIV, age and sex): areas of CBF variations in 

cognitively healthy controls (HC) at P<0.001 uncorrected, cluster size threshold: 20

Anatomic Location Voxel

EquivZ

MNI coordinates

x y Z

HC>MCI

2.86 -28 -46 -12R      Superior frontal      

R      Middle frontal 3.42 32 54 2

R      Precuneus 2.75 6 -54 2



R      Fusiform 3.74 22 -66 -12

R      Lingual 2.6 -2 54 2

L      Fusiform 3 -28 -46 -12

L      Lingual 2.6 -14 -46 0

HC>AD

4.14 50 -32 -2R      Superior temporal *     

R      Middle temporal * 3.86 52 -32 2

R      Inferior temporal 3.82 44 -52 -10

R      Supramarginal 3.95 46 -34 36

R      Inferior parietal 3.92 40 -42 40

R      Posterior cingulate * 3.99 4 -36 28

R      Precuneus * 3.14 6 -52 14

R      Fusiform * 3.7 22 -64 -14

R      Lingual gyrus * 3.6 -14 -72 -8

R     Parahippocampus 3.32 12 -48 2

L      Middle temporal 3.44 -44 -50 4

L      Posterior cingulate * 3.46 -6 -40 14

L      Lingual * 3.17 -14 -72 -8

MCI > AD

2.67 68 -40 8R     Middle temporal

AD > MCI

2.37 -18 -8 -14L      Hippocampus

L     Pallidum 2.23 -18 -4 0

*P < 0.05 False Discovery Rate (FDR) corrected
 



Figure 9: Analysis of variance (ANOVA) (three groups, covariates: TIV, age and gender): areas of gray matter atrophy

in patients with MCI and AD as compared with cognitively healthy controls. * FDR corrected (p < 0.05)

Table 8: Analysis of variance (ANOVA) (three groups, covariates: TIV, age and sex): areas of gray matter atrophy in 
ease (AD) compared with 

cognitively healthy controls (HC) at P<0.001 uncorrected, cluster size threshold: 20

Anatomic Location Voxel

EquivZ

MNI coordinates

x y Z

HC>MCI

3.2 6 -53 2R      Precuneus      

R      Fusiform 3.5 22 -64 -12

L      Fusiform 3.83 -24 -6 -37.5

HC>AD

2.85 57 -1.5 -6R      Superior temporal *     

R      Middle temporal * 4.2 63 -28.5 -13.5

R      Inferior temporal * 4.55 63 -25.5 -19.5

R      Supramarginal * 3.17 64.5 -28.5 36

R      Inferior parietal * 2.97 39 -46.5 52.5

R      Posterior cingulate * 3.55 4.5 -48 30

R      Precuneus * 3.12 12 -61.5 42

R      Fusiform * 3.03 31.5 -33 -19.5

R      Lingual gyrus * 2.57 16.5 -61.5 -6

R      Parahippocampus 4.56 21 -34.5 -10.5

L      Middle temporal * 3.85 -58.5 -25.5 -10.5

L      Posterior cingulate * 3.14 -6 -46.5 30

HC > MCI 

HC > AD * 

MCI > AD * 



L      Lingual * 3.27 -16.5 -43.5 -6

MCI > AD

2.36 55.5 -24 -15R     Middle temporal *

*P < 0.05 False Discovery Rate (FDR) corrected

V. 1H MR spectroscopic findings

The spectroscopic data were processed using functool in aw workstation and the 

major peaks of N-acetyl aspartate (NAA), Cr, Cho, and mI were identified to 

evaluate the possible alterations in the posterior cingulate. Then, the ratios of NAA/ 

Cr, Cho/Cr, mI/Cr, and NAA/mI were analyzed.

 
Figure 10: Posterior cingulate gyrus voxel placing of 1H-MRS

disease

Table 9: Metabolite ratios from the posterior cingulate voxel in the controls, mild cognitive impairment, and 
Al

Metabolite Ratio Controls MCI AD

NAA/Cr 2.56 ± 1.30 2.28 ± 0.29 2.14 ± 0.30

Cho/Cr 0.43 ± 0.12 0.45 ± 0.10 0.58 ± 0.26

mI/Cr 0.25 ± 0.09 0.31 ± 0.10 0.41 ± 0.39

NA/mI 10.85 ± 6.08 7.66 ± 1.83 7.68 ± 3.82

11. Conclusions summarizing the achievements and indication of scope for future work:

ICA analysis revealed 11 different resting sate networks. Further, the ICA analysis showed a 

group difference among DMN and salience networks. ROI to ROI whole brain functional 

connectivity analysis in MCI and AD revealed significantly reduced functional connectivity 

-acetyl asparate, Cr=Creatine, 
Cho=Choline, mI =Myoinositol



in interlobe connections such as from temporal to frontal and from temporoparietal to basal 

ganglia regions. Compared to MCI, AD group exhibited reduced connections from posterior 

cingulate to precuneus. Fundamental network parameters of networks: global efficiency, 

local efficiency, betweenness centrality, cost, clustering coefficient, and degree was lower in 

MCI and AD compared to controls. 

VBM analysis showed reduced gray matter (GM) density in the left superior temporal 

gyrus, left post central gyrus, left parahippocampus and in the left fusiform in MCI whereas, 

the AD subjects revealed significant GM reduction in hippocampus, para hippocampus, 

amygdala, heschl gyrus bilaterally, right calcarine, right supramarginal gyrus and right 

middle compared to controls.

The DTI analysis revealed reduced Fractional Anisotropy and increased mean diffusivity in 

the patient group than in controls for cingulum, superior longitudinal fasciculus, inferior 

longitudinal fasciculus, forceps minor, forceps major and uncinated tracts.

ASL analysis depicted hypoperfusion in the precuneus, posterior cingulate gyrus, inferior 

temporal, middle temporal parietal and middle occipital lobe in patients with MCI and AD.

In voxel-wise comparison, patients with MCI showed both hypoperfusion and atrophy in 

precuneus, fusiform and lingual gyrus and AD group revealed atrophy in all the areas 

reported with hypoperfusion. After Bonferroni correction, robust hypoperfusion were found 

in posterior cingulate and lingual gyrus in all stages of AD (MCI and fully developed AD).

Besides, we observed significant elevated perfusion in hippocampus in patients with AD 

compared to MCI.

The MRS analysis revealed lower NAA/mI levels mI and higher Cho/Cr levels in the PCC 

in MCI and AD patients than in controls. Besides, a higher mI/Cr level and lower NA/mI

level was depicted in patients with MCI and AD compared to controls.

12.    S&T benefits accrued:

i. List of Research publications

S No Authors Title of 
paper

Name of the 
Journal

Volume Pages Year

1 Sheelakumari R, C. 
Kesavadas, Lekha 
V.S, Sunitha Justus, 
P.Sankara Sarma, 
Ramshekhar Menon.

Structural 
correlates of 
Mild Cognitive 
Impairment - A
clinicovolumet
ric study

Neurology India 66 370-6 2018

2 Sheela Kumari R, Multimodality Annals of Indian 21 133-9 2018



P.Sankara Sarma, C. 
Kesavadas, Bejoy 
Thomas, Deepak 
Sasi, Lekha V.S., 
Sunitha Justus, 
Mridula Mathew, 
Ramshekhar N 
Menon

Neuroimaging 
in Mild 
Cognitive 
Impairement-
A cross 
sectional 
comparison 
study.

Academy of neurology

3 S. Nanda, R.Menon, 
C.Kesavadas, 
S.Kumari

A pilot study 
on mapping 
structural and 
functional 
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Structural correlates of mild cognitive 
impairment: A clinicovolumetric study

Abstract:

Aims:

This was a hospital-based case-control study. 

Results: 

patients with MCI. While differences in retention and recall scores between the groups were independent of 

for their progression to early AD.

Key Words: 

Mild cognitive impairment (MCI) is 
considered to be a transitional stage 

between normal aging and Alzheimer’s Disease 
(AD), [1] and its rate of progression varies 
between individuals. The longitudinal risk 
of developing AD in amnestic MCI (a-MCI) 
can be estimated by measures of memory 
performance and subjective level of cognitive 
functioning.[2-4] Neuropsychology tests such 

as vernacular adaptations of Addenbrooke’s 

Verbal Learning Test (RAVLT)[5,6] have been 

measures of cognitive impairment in a-MCI. 
Learning and retention measures, as assessed in 
RAVLT, have been shown to be among the most 
comprehensive clinical predictors of conversion 
from a-MCI to AD.[6]
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roughly 12% of patients with MCI annually run the risk of 

dementia by 6 years, other studies debate this conversion 
rate.  It is also well-known that a large subset of patients 
remains stable over the years or may clinically revert to normal 
cognitive status.[8]

The most well-known approaches employed in the analysis 

morphometry (VBM) and automated regional volumetry 
(ARV).[9] Not surprisingly, prominent studies till date have 
focused on MTL and amygdala volumes.[10] Little is known 
regarding the relationship between GM volume in other cortical 
regions and performance on the neuropsychological tests of 
patients with MCI or AD. Therefore, the aim of the present cohort 
study was to quantify the structural changes in cognitively 
stable a-MCI and AD patients compared to individuals with 
no cognitive impairment (NCI) in South India, employing 
quantitative volumetric magnetic resonance imaging (MRI) 
analysis tools such as ARV and VBM. The study also aimed 
to correlate the neuropsychological test performances using 

morphometric variables in patients with MCI in comparison 
with a diseased group of patients suffering from an early AD.

Patients and Methods

Case selection

prospectively recruited from Memory and Behavioral Neurology 
clinic at a reputed centre in the city of Trivandrum, located in the 
southern state of Kerala, India. Early AD patients were selected 
using the standard NINCDS–ADRDA (National Institute of 
Neurological and Communicative Disorders and Stroke and 
the Alzheimer’s Disease and Related Disorders Association) 
diagnostic criteria with a clinical dementia rating (CDR) score 
of <2.[11] Patients with a-MCI, aged between 55–80 years, diagnosed 

[1]

who were still functioning independently in the community, 
and having a normal general cognition (i.e., MMSE >24) with 
normal performance on tests of other cognitive domains, viz., 

perception were included. The minimum duration of follow up of 
MCI patients required for inclusion into the study was 1.5 years. 
It was ensured prior to their inclusion that none of them had 
neuropsychological or CDR evidence of progression to dementia. 
The objective evidence of memory impairment required that an 

from the norm on at least two tests in the memory domain. 
This method has been validated previously.[6] The inclusion 
criteria for the cognitively normal healthy controls included an 
age range of 55–80 years, with formal education of more than 
8 years, with no history of subjective memory complaints, and 
no major neurological, psychiatric, or medical comorbidities. All 
participants underwent a detailed, clinical, neuropsychological, 
and radiological evaluation after providing a written informed 
consent. The study was approved by the Institutional Ethics 
Committee.

Cognitive assessments
The participants underwent cognitive screening by the 
vernacular adaptation of ACE, which has been validated 

previously.[5] This battery has a measure of global cognition 

tests for memory (immediate and delayed recall of a seven-item 
 P and categories of 

animals), confrontation naming (ten items), and constructional 

functions and constructional ability (clock-drawing), remote 

24-point scale which has 3 points for registration of 3 words and 
21 points for 3-trial learning of an address. The recall score was 
drawn from a 10-point scoring which included a 5-min recall of 

address. Participants were required to have a depression score 

were the cumulative learning trials and delayed recall scores 
in the vernacular adaptation of Rey Auditory Verbal Learning 
Test (RAVLT) and memory subsets of ACE. Multidomain 

and visuospatial domains. A semantic battery employing 
confrontation naming for language; trail making A and B, and 

and, visual objective space perception battery, and judgement 
of line orientation for visuospatial functions were the tests used 

involvement, or having the presence of non-a-MCI.

Image acquisition
Part ic ipants were  scanned with  a 1 .5T (Seimens 
Magnetom-Avanto SQ engine, Erlangen, Germany) MRI scanner 
in the Department of Radiology. The three-dimensional (3D) T1 

scan time of 6 min 21 s.

Image processing
Whole brain analysis

London) was applied to investigate the cortical GM changes 
across the entire brain without any prior knowledge of the 
region of interest (ROI). All the images were oriented in the 
anterior commissure-posterior commissure (AC-PC) line. 

the Montreal Neurological Institute (MNI) space using VBM8 
DARTEL procedure with custom settings. The segmentation 
was followed by modulation for preserving the volume of a 

CSF, and total intracranial volume (TIV) were calculated. The 
resulting images were smoothed with an isotropic Gaussian 

Group comparison among MCI, AD, and controls were 
performed by one-way analysis of variance (ANOVA) within 
the Statistical Parametric Mapping 8 (SPM8) general linear 
model. Group comparisons were tested with a corrected 
threshold of P < 0.001, which determines the clusters with 
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Figure 1:

 P 

Table

MCI AD P

N 13 - - -

Sex (M/F) 13/9

Education (years)

ACE registration
ACE recall

Total ACE score

contrasts (NCI vs MCI, NCI vs AD, and MCI vs AD) with age, 

used to compare the GM density between participants. The 

standard brain images, allowing the localization of areas 

Montreal Neurological Institute (MNI) coordinates with the 

Volumes of cortical gray matter structures using automated regional 
volumetry
The segmentation algorithm in SPM8 and Automated 
Anatomic Labelling (AAL), [12]

volumes of eight anterior and medial temporal structures, 
namely, inferior temporal gyrus, superior temporal gyrus, 

pole, parahippocampus, hippocampus, and amygdala, one 
deep gray matter structure (thalamus), and two parietal 
structures (precuneus and posterior cingulate). After 
segmentation, the volume of each region was obtained by 
writing scripts in MATLAB window.

Statistical analysis
Demographic data, neuropsychological measures, and cortical 
GM volumes between study groups were analyzed using the 

version 21 (SPSS, IBM. Armonk, NY, USA). The demographic 
and cognitive variables were compared across the groups, NCI, 
MCI, and AD, using univariate analysis of variance (ANOVA). 
Bonferroni post-hoc procedure with age correction was applied 
to compare means of the independent variables of volume with 
diagnosis. Partial correlation was used to assess the relationship 
between independent volumes and neuropsychological test 
measures in each study group. In all comparisons, the level of 

 P < 0.05.

Results

Demographics, cognitive function, and memory
Demographic and neuropsychometric measures between 
the three groups are depicted in Table 1. The mean duration 
of subjective memory complaints in the MCI group was 

was 4.2 ± 1.5 years. The mean duration of follow-up since the 

time of diagnosis to the time of inclusion into the study was 

group. After adjusting for age, patients with both MCI and 

RAVLT cumulative learning, and delayed recall compared 
to individuals with NCI (P < 0.001). Similarly, the AD group 
performed poorly in comparison to the MCI group on all 
components of cognitive and memory scores [ACE recall, 
ACE total, RAVLT recall (P < 0.001) and RAVLT learning 
scores (P = 0.013)]. None of the MCI patients had progressed 
to early AD during the minimum 1.5-year period of follow-up 
at the time of inclusion into the study.

The participant groups were contrasted to reveal the patterns 
of GM atrophy on VBM group analysis. Compared to controls, 
MCI patients revealed predominant atrophy in bilateral 

also observed in the hippocampus, inferior temporal gyrus, 
middle frontal gyrus, cuneus and lingual gyrus in the left 
hemisphere, the middle occipital gyrus and cingulate gyrus in 
the right hemisphere [Figure 1 and Supplementary Table 1]. 

the left parahippocampal gyrus. In addition, AD patients had 
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bilateral fusiform gyri, bilateral middle temporal gyri, bilateral 
anterior cingulate regions, right inferior temporal gyri, right 
superior temporal pole, right posterior cingulate, right rolandic 
operculum, right thalamus, right inferior parietal lobule, right 
middle occipital gyri, left middle frontal, and orbitofrontal 
gyri [Figure 2 and Supplementary Table 2]. Moreover, a direct 
comparison of the patient groups revealed greater cerebral 
atrophy in AD patients [Figure 3 and Supplementary Table 3] 
in bilateral parahippocampi, hippocampi, amygdalae, fusiform 
gyri, superior and middle temporal poles, inferior temporal 
gyri, and medial orbitofrontal regions along with atrophy in 
the right precuneus and left angular regions.

Gray matter volumes using automated regional volumetry
The regional volumes of GM structures estimated by using 
ARV are summarized in Table 2. Post-hoc Bonferroni 

hippocampus, right precuneus, and bilateral superior temporal 
gyri in the MCI patients compared to individuals with NCI. 
In patients with AD, bilateral hippocampi, precunei, superior 
temporal gyri, parahippocampi, right amygdala, and right 

compared to controls. Only the total GM and left hippocampal 
volume discriminated the patient groups, with lower volumes 
detectable in AD patients.

Correlation between neuropsychology parameters and 
automated lobar volumetry
Partial correlation analysis with age as the controlling variable 
showed that RAVLT delayed recall positively correlated with 
reduced volumes of left (rp = 0.42, P < 0.04) and right (rp = 0.38, 
P < 0.05) hippocampi in MCI patients. A similar observation 
was noted between RAVLT total learning and the hippocampal 
volume (rp = 0.42, P < 0.04) in the left hemisphere; whereas, 
in AD, a significant correlation was observed between 
RAVLT total learning and the right hemisphere volume of 
the middle temporal pole (rp = 0.66, P < 0.01) and superior 
temporal pole (rp = 0.84, P < 0.001). In addition, ACE total 

temporal pole (rp  P < 0.006).

Discussion

Our study was designed to quantify the GM differences in 

patients and NCI individuals using VBM group analysis and 
ARV. Further, the study compared the cognitive measures that 
were deemed clinically relevant for tracking the progression 
of MCI to AD. Previous studies have demonstrated variable 
results using these two methods, predominantly favouring 
VBM over ARV for assessing GM volume differences between 
the groups.[13,14] The features unique to a-MCI patients who are 
clinically stable are crucial to determining structural measures 
of stability in what is usually considered to be a pre-AD status. 

Indian population that utilized automated software tools to 
discriminate MCI and AD population from individuals with 

regions with cognitive measures. A recent Indian study 
addressed the relationship between regional morphometric 

to NCI.[15]

As VBM analysis is a practical tool for whole-brain group 
comparisons, identifying regions which can be subsequently 
analyzed using ARV, we identified certain regions of 
interest (ROIs) in each comparative model. Considering the 
MCI patients, GM volume loss was detected in the superior 
temporal gyrus and left hippocampus, and variably over the 

in comparison to individuals with NCI. The observation of 
hippocampal atrophy is in line with previous reports[16-18] 
and is established as a marker of future progression in MCI. 

study and represents an avenue for future research considering 
the role of precuneus in episodic memory retrieval and 
visuospatial awareness, and from a network perspective, in the 
default mode network.[19] This highlights the added functional 

in addition to atrophy of the temporal lobe. The inferior frontal 

Figure 2:

 P 

Figure 3:

an uncorrected threshold of P 
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et al.,[20] as an indicator of faster disease 
progression. Only a longitudinal follow-up would indicate the 

was noted by both the techniques in the medial temporal (MTL) 
structures, i.e., the hippocampus, amygdala, parahippocampal 
gyrus,[21-23] and precuneus.[24] Similar to other studies, VBM 

[25,26] the fusiform 
gyrus, and the frontal  regions in AD compared to controls. 
Interestingly, in contrast to the literature,[28,29] our study failed to 

on group analysis. Furthermore, our study detected greater 
atrophy of the hippocampus in patients with AD compared 
to those with MCI, in addition to the medial and neocortical 

temporal lobe, anterior cingulate region, insula, and precuneus 

MCI. As has been shown in another study,  atrophy in these 
regions, if observed in MCI, may be indicative of transition 
to early AD.

from individuals with NCI on cognitive measures. The 
observations were retained even after controlling for age and 
regional volumes. The direct comparison between patient 

total, and RAVLT total learning. These results would imply 

between the 3 groups, and the independent relevance of these 
neuropsychological measures as predictors of cognitive decline 

Table

MCI AD

WM

CSF
TIV

L

L

L

L

L

Entorhinal cortex
L

L

L

L

L

L

P
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in the elderly.[30] Correlation between the cognitive scores 

AD participants. Both RAVLT total learning and recall after 

in MCI participants; whereas, in AD, the decline in cognitive 

correlated with the volume of the superior temporal gyrus. 
These results indicate an association between cognitive 
functioning and regional morphometric brain changes, a 
probable epiphenomenon of pathological changes in MCI and 
AD considering the early deposition of amyloid plaques in 
neocortical areas preceding the limbic areas.[31,32]

Even though our study came up with the above-mentioned 

ARV, we only selected certain regions in the temporal, parietal, 

who were non-progressors during the duration of follow-up, 
a follow-up of greater than 5 years would have added further 

an avenue to predict conversion or stability in patients with 
atrophic MCI using population-based studies and to earmark 
patients at risk of progression.

Conclusion

In summary, the present study indicates that genuine 

and AD, and control subjects. These differences are independent 
of age as well as the total GM volume and the regional cortical 
volumes, thereby highlighting functional differences that 
occur independent of structural differences between the 

characteristics of stable MCI patients, with demonstration of 

these regions along with frontoinsular regions could predict 

more useful method for group comparisons. However, future 
cross-sectional and longitudinal studies in larger samples with 
comprehensive neuropsychological evaluation are needed to 
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and metabolite ratios
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Table 1: Comparison of demographic and neuropsychological measures between subjects

NC MCI AD Bonferroni corrected  value

MCI versus NC AD versus NC AD versus MCI

n

Table 2: Receiver operating characteristic results for the performance comparison of voxel-based morphometry, diffusion 
tensor imaging and proton magnetic resonance spectroscopy, and multimodal combination of these neuroimaging 
methods

MCI versus controls MCI versus AD

Modality AUC Sensitivity (%) Specificity (%) AUC Sensitivity (%) Specificity (%)
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Figure 3: Receiver operator characteristic curves of combined classifiers for classification of (a) mild cognitive impairment from controls and (b) mild 
cognitive impairment from Alzheimer’s disease
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