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Background: Mild cognitive impairment (MCI) accompanies brain atrophy in neuroimaging investigations. 
The aim of this study was to compare MCI patients with the normal population for hippocampal volume (HV) 
and hippocampal angle (HA), and to assess the correlation between HV and HA.
Materials and Methods: In a case‑control study on 2014, in Kashani Hospital (Isfahan, Iran), 20 MCI patients 
were compared with 20 normal controls for HV and HA. Subjects were diagnosed with MCI or normal 
control, based on neuropsychiatry interview, which was confirmed by neuropsychiatry unit cognitive 
assessment tool  (NUCOG). All magnetic resonance imaging scans were processed using the Free‑Surfer 
software package for HV assessment. The HA was measured on the most rostral slice in which the uncal 
sulcus could be identified on a coronal plane. The data were analyzed using multiple analysis of co‑variance 
and Pearson correlation.
Results: The mean (standard deviation [SD]) score of NUCOG in control and case group were 91.05 (3.01) 
and 82.42 (3.57), respectively. Comparison of HV and HA scores in two groups, showed that mean (SD) 
HV and HA were not different between control and case groups, significantly, (P = 0.094 and P = 0.394, 
respectively). There was a negative correlation between the adjusted HV and the HA in case (r = −0.642, 
P = 0.004), and control groups (r = −0.654, P = 0.003).
Conclusion: HV and HA were not different between MCI patients and normal controls; however, HA is 
correlated with HV negatively and may be used as an alternative factor because of more feasibility and 
availability in clinical settings in compared to HV.
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Hippocampal volume and hippocampal angle (a more 
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INTRODUCTION

Alzheimer disease (AD) is nearly the most common 
cause of cognitive decline in the elderly with increasing 
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many social and financial burdens to the individual.[1] 
It can result in major or mild neurocognitive disorders 
with insidious onset and gradual progression of 
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behavioral and cognitive symptoms.[2] Accurate and 
early diagnosis of patients most at risk of progression 
to dementia due to AD is very important and hence 
we need to develop sensitive and strong biomarkers 
including imaging techniques to quantify disease 
progress.[3] Mild cognitive impairment (MCI) or mild 
neurocognitive disorder leads to prominent changes 
in cognitive function, and is a prodromal phase 
that describes a state between the typical cognitive 
changes due to aging and early dementia, especially 
due to AD.[3,4] Some studies have concluded that 80% 
of patients with MCI, progress to dementia due to AD 
after about 6 years of follow‑up.[5]

Alzheimer disease affects many brain structures, 
but the main and earliest region of damage is in 
medial temporal lobe  (MTL) structures especially 
the entorhinal cortices and hippocampus.[6,7] Various 
techniques have been used to show structural deficits 
in brain magnetic resonance imaging  (MRI).[8‑11] A 
significant atrophy of the hippocampus and entorhinal 
cortex has been considered a hallmark of AD,[12,13] 
accordingly, hippocampal volume  (HV) has been 
assessed frequently as a reliable biomarker in AD.[14‑16] 
On the other hand, recent National Institute on Aging 
and Alzheimer’s Association criteria, indicate that AD 
can be diagnosed at the predementia/prodromal or MCI 
stage, by assessment of some core imaging biomarkers, 
including MTL atrophy.[3,17] However, HV assessment 
has not been used extensively in MCI as much as AD, 
because this method needs special equipment and is 
difficult to obtain in clinical settings.[18] Assessing 
of HV by automatic techniques requires special 
computer facilities and need careful tuning of the 
parameters.[14,15] In manual segmentations by clinical 
experts, which is the gold‑standard for assessment of 
HV, exact segmentation of structures is difficult, and 
a robust method for direct volumetric quantification 
is not available.[12,19]

There is no approved drug for modifying the course 
of AD, so it is more effective to begin the treatments 
before the onset of symptoms.[18] However, it is difficult 
to identify the transitions from the asymptomatic to 
the symptomatic predementia phase and from the 
MCI to dementia onset.[20,21] Considering this, using 
of a single, reliable and available neuroimaging 
technique for diagnosing of MCI and predicting of 
progression to dementia due to AD is very important. 
The most vulnerable brain regions in AD patients are 
subiculum and Cornu Ammonis‑1 (CA) subfield of the 
hippocampus, which decreases with progression of 
AD.[22,23] In a previous study, Hayashi et al., showed 
that atrophy of hippocampus CA1 subfield leads to 
more adduction of the hippocampus on usual coronal 
MR images; and with increasing of hippocampal 

adduction, the angle between the hippocampus and 
subiculum increases.[19] They evaluated hippocampal 
angle  (HA) enlargement in patients with AD and 
concluded that in these patients, the HA is affected 
by hippocampal atrophy and serves as a new marker 
of AD that could be useful in the routine clinical 
setting.[19]

In this study, we compared MCI patients with the 
normal population for HV and HA, as a newer marker, 
to assess whether these biomarkers could diagnose 
MCI patients as an early stage of AD. We also assessed 
the correlation between HV and HA in MCI patients 
and normal population.

MATERIALS AND METHODS

Study design and participants
This is a case‑control study, which was carried 
out on 2014. The study followed the Declaration of 
Helsinki on Biomedical Research Involving Human 
Subjects and was approved by the Ethics Committee 
from the Isfahan University of Medical Sciences. All 
participants or their family provided written or oral 
informed consent.

Subjects were selected from patients who referred to the 
neuropsychiatry clinic of Kashani Hospital (Isfahan, 
Iran). All subjects met the following inclusion 
criteria: (1) ≥60 years aged; (2) being capable of reading 
and writing; (3) diagnosed with MCI; (4) written or oral 
informed consent of patient or family. Subjects also 
met none of the following exclusion criteria: (1) History 
of any neurodegenerative or cerebrovascular disease, 
or another neurological or systemic disease or 
condition likely contributing to cognitive decline; 
(2)  any incidental finding other than Alzheimer’s 
disease presentation in MRI; (3) history of any other 
major psychiatric disorder.

Patients were diagnosed with MCI, based on 
neuropsychiatry interview which was confirmed 
by neuropsychiatry unit cognitive assessment 
tool (NUCOG). NUCOG scores between 75 and 86.5 
was used to confirm the diagnosis.[24,25] Control subjects 
were age‑, sex‑  and education‑matched cognitively 
normal volunteers, based on the clinical interview, 
who had no abnormal findings on MRI and no past 
psychiatric or neurological history. Subjects with 
NUCOG score of more than 86.5 were considered as 
healthy population with no cognitive disorder.[24,25] 
A total of 143 individuals screened for case group 
and 20 met all inclusion and no exclusion criteria. 
Then, another 62 individuals were screened for 
matching control group and 20 healthy subjects were 
selected [Figure 1].
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Procedures and variables assessment
All subjects underwent psychiatrist examination. 
Baseline profile of subjects, including: Age, sex, years 
of education, smoking, history of diabetes mellitus, 
hypertension, hyperlipidemia, family history of 
Alzheimer’s disease, body mass index, serum total 
cholesterol, fasting blood glucose, triglyceride and 
creatinine were assessed. Clinical severity of the 
neurocognitive disorder was assessed using the 
NUCOG.[24] MRI was performed using a 1.5 Tesla MRI 
Siemens Avanto scanner system (Siemens, Henkestr 
Erlangen). The following protocol was administered 
for obtaining T1‑weighted magnetization‑prepared, 
rapid gradient echo  (MP‑RAGE) scans, with 
thickness of 1.2  mm: Repetition time  =  25 ms, 
echo time  =  3.61 ms, flip angle  =  8°, field of 
view = 240 mm2 × 240 mm2, matrix size = 192 × 192, 

voxel dimensions = 1.3 mm3 × 1.3 mm3 × 1.2 mm3, 
number of excitations = 1, and number of slices = 160. 
Regions of interests for volumetric measurement 
were based on previous findings and comprised of the 
hippocampus.

Volumetric measurement
All MRI scans were processed using the Free‑Surfer 
software package, available at http://surfer.nmr.mgh.
harvard.edu. Multiple MP‑RAGE MRI acquisitions 
for each participant were motion corrected, averaged 
and normalized to create a single image volume 
with relatively high contrast to noise. This averaged 
volume was used to locate the grey/white matter 
boundary  (white matter surface) and this, in turn, 
was then used to locate the grey/cerebrospinal fluid 
boundary (grey matter surface).[26]

Measurement of the hippocampal angle
We used a measuring method which was introduced 
by Hayashi et al., in a previous study.[19] We defined 
a coronal plane vertical to a line, which connects the 
anterior and posterior commissures, then a horizontal 
line was drawn orthogonal to the falx cerebri on this 
plane. In the next step, the uncal sulcus line was drawn 
between the deepest point of the uncal sulcus and the 
point nearest to the side of the ambient cistern in the 
uncal gyrus facing the uncal sulcus. Finally, the angle 
between the horizontal line and the uncal sulcus line 
was measured as the HA on the most rostral slice in 
which the uncal sulcus could be identified [Figure 2].

Blinding
The investigators who performed HA measurements 
or processed MRI scans with software for HV, 

Figure  1: Measuring of hippocampal angle on a coronal magnetic 
resonance image. HA: Hippocampal angle; US: Uncal sulcus
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Assessed for case group (n = 143) Assessed for matching controls (n = 62)
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•Not meeting inclusion criteria (n = 100)
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•Other reasons (n = 0)
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Figure 2: Consort statement
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were blinded to the clinical information and other 
measurements.

Statistical analysis
Independent t‑tests and Chi‑square tests were used 
to compare baseline variables. Differences between 
patients and controls were tested using multiple 
analysis of co‑variance. Pearson correlation was 
used to identify the strength and direction of any 
correlation between HA and brain volumes. Data 
were analyzed by SPSS version  20.0  (SPSS Inc., 
Chicago, Illinois, USA). A  P  <  0.05 was considered 
significant. Continuous variables were expressed as 
mean ± standard deviation (SD).

RESULTS

Baseline profile
In 40 subjects who were analyzed, the mean (SD) age 
was 65.88 (4.31) years, ranging from 60 to 76 years 
old. There were 32 (80%) male and 8 (20%) female. 
The mean (SD) score of NUCOG in control and case 
group were 91.05 (3.01) and 82.42 (3.57), respectively.

Comparison of baseline profile of subjects, including: 
Age, sex, years of education, smoking, history of 
diabetes mellitus, hypertension, hyperlipidemia, 
family history of Alzheimer’s disease, body mass 
index, serum total cholesterol, fasting blood glucose, 
triglyceride and creatinine revealed no statistically 
significant differences between two groups [Table 1].

Mean  (SD) of HV in control and case groups were 
3737.92  (419.75) mm3 and 3804.62  (424.50) mm3, 
respectively. Mean  (SD) of HA in control and case 
groups were 17.77 (6.60) and 20.79 (7.27), respectively. 
Comparison of HV and HA scores in two groups was 
performed after adjustment with age and intracranial 
volume. The results showed that mean  (SD) HV 
and HA were not different between control and 
case groups, significantly, (P = 0.094 and P = 0.394, 
respectively), [Table 2].

Correlations
Pearson’s correlation coefficient analysis, showed 
that there was a negative correlation between the 
adjusted HV and the HA (r = −0.642, P = 0.004), in 
case group. This correlation was also seen in control 
group (r = −0.654, P = 0.003) [Table 3].

The comparison of correlations in two groups showed 
that the rate of correlations was not different 
significantly, (P = 0.960).

In the case group, we recognized a positive correlation 
between the HV and the NUCOG score  (r  =  0.413, 

P = 0.032); the correlation between the HA and NUCOG 
score was negative but not significant  (r  = - 0.090, 
P = 0.653).

DISCUSSION

This study compared the HV and HA in MCI patients 
with the normal population. The result showed that 
there were not any significant differences between 
two groups.

In previous studies, the comparison of HV between 
MCI and normal control groups had inconsistent 
results. In contrast to our study, several previous 

Table 1: Demographics and clinical characteristics of 
subjects (n=40)
Characteristics MCI 

(n=20)
Control 
(n=20)

P

Age, mean (SD) year 66.45 (4.6) 65.30 (3.9) 0.406
Sex

Male 16 (80) 16 (80) 1.000
Female 4 (20) 4 (20)

Family history of dementia 3 (15) 3 (15) 1.000
Smoker 8 (40) 3 (15) 0.077
Diabetes 7 (35) 10 (50) 0.337
Hypertension 6 (30) 11 (55) 0.110
Hyperlipidemia 12 (60) 8 (40) 0.206
Educational level, mean (SD) year 10.35 (3.8) 11.15 (3.0) 0.471
Creatinine (mg/dl), mean (SD) 1.17 (0.2) 1.33 (0.3) 0.112
BMI (kg/m2), mean (SD) 25.74 (2.1) 26.58 (3.6) 0.381
Fasting blood glucose, mean (SD) 111.55 (24.3) 121.85 (36.9) 0.305
Total cholesterol (mg/dl), mean (SD) 170.60 (61.4) 169.15 (42.6) 0.931
Triglycerides (mg/dl), mean (SD) 157.30 (100.8) 160 (80.7) 0.926
All variables are number (%) unless otherwise indicated. P value is extracted from 
independent samples test, Chi‑square test and Fisher’s exact test. MCI: Mild 
cognitive impairment, BMI: Body mass index, SD: Standard deviation

Table 2: Comparing of HV and HA between two groups
Characteristics MCI (n=20) Control (n=20) P
Left HV, (mm3) 3793.65 (395.7) 3706.55 (440.0) 0.078
Right HV, (mm3) 3815.60 (467.4) 3769.30 (414.4) 0.133
Mean HV, (mm3) 3804.62 (424.5) 3737.92 (419.7) 0.094
Left HA 20.64 (7.5) 19.24 (9.8) 0.892
Right HA 20.94 (8.4) 16.31 (5.1) 0.123
Mean HA 20.79 (7.2) 17.77 (6.6) 0.394
All variables are mean (SD). P value is extracted from univariate analysis after 
adjustment with age and intracranial volume. MCI: Mild cognitive impairment, 
HV: Hippocampal volume, HA: Hippocampal angle, SD: Standard deviation

Table 3: Correlations between HV and HA in two groups
Correlations MCI (n=20) Control (n=20)
Left HV versus HA r=−0.452, P=0.060 r=−0.606, P=0.008
Right HV versus HA r=−0.691, P=0.002 r=−0.551, P=0.018
Mean HV versus HA r=−0.642, P=0.004 r=−0.654, P=0.003
All variables are mean (SD). P value is extracted from univariate analysis after 
adjustment with age and intracranial volume. MCI: Mild cognitive impairment, 
HV: Hippocampal volume, HA: Hippocampal angle, SD: Standard deviation
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studies have shown that HV is significantly 
lower in MCI patients in compare with normal 
control.[26‑28] However, other recent studies revealed 
that HV difference was not significant between two 
groups.[29,30]

Nevertheless, some studies indicated that HV is a 
sensitive factor for the diagnosis of only amnestic 
but not nonamnestic‑MCI.[31,32] Our MCI patients 
also, consisted of both types of amnestic and 
nonamnestic‑MCI, which might be the reason for 
nonsignificant results of this study. However, in a 
recent study, Wang et  al., showed that even with 
amnestic‑MCI, the HV difference between the MCI 
and normal control groups was not significant. They 
concluded that newer methods such as diffusion 
kurtosis imaging of the hippocampus were more 
sensitive in the diagnosis of MCI.[33] Hence, HV may be 
not sufficient for early discrimination of MCI patients 
as a single factor.

In clinical setting, obtaining of HV is time‑consuming 
and needs special equipment, so using of an available 
and suitable method for clinical practice is very 
important. This study showed that HV is correlated 
with HA negatively, in both case and control groups. 
It means that with reducing of HV through the 
progression of the disease, the HA increases. With 
progression of AD, CA1 subfield of hippocampus 
decreases. With decreasing of CA1, the lateral surface 
of the hippocampal head transforms inward, and 
the inner surface deforms outward. These changes 
cause a long horizontal elliptical to a long vertical 
elliptical shape alteration in the hippocampus, which 
results in the outward rotation, and, therefore, HA 
enlargement.[22,23]

In one previous study also, Hayashi et al., showed that 
by hippocampal atrophy in AD, the HA increases, and 
it could be a new useful marker of AD in the routine 
clinical setting. They used this method in AD patients, 
and emphasized that more evaluation is needed to 
determinate the suitability of the HA as a marker in 
early‑stage of AD;[19] in this study, we showed that 
this marker is correlated to HV even in early stages 
of disease. Our sample size was also larger (40 vs. 22), 
which was a limitation for that study.[19]

In our study, HA was not different between two groups, 
which was predictable because of nonsignificant 
differences in HV. However, the correlation of HV 
and HA shows that this marker could be used instead 
of measuring of HV, wherever HV assessment is 
considered for discrimination between different stages 
of AD, from predementia state to dementia due to AD. 
HA measurement is easy and more suitable for clinical 

setting because it do not need special equipment and 
can be assessed faster.

In this study, there was a significantly positive 
correlation between the HV and the NUCOG score 
in the case group. This is consistent with previous 
studies, which indicated that decreases of HV may 
leads to cognitive impairment. Steffens et  al., and 
Sawyer et al., showed that decrease in both right and 
left HV is associated with decrease in MMSE score.[34,35] 
In a recent study also, Peng et al., revealed that there 
is a close relationship between HV and cognitive 
performances in patients with amnestic MCI.[36]

Limitations
This study had some limitations. First, in our study, 
MCI patients were consisted of both amnestic and 
nonamnestic groups and this matter could lead to 
nonsignificant differences of HV with normal controls. 
Second, measurement of HA is manually and it can 
differ when sizing by different persons. Hence, it is 
very important that the measurement should be done 
by an expert physician on this method to minimize 
the errors.

CONCLUSION

Hippocampal volume and HA were not different 
between MCI patients and normal controls and may 
be not sufficient as a single factor for discrimination 
of MCI. However, HA is correlated with HV negatively 
and may be used as an alternative factor because of 
more feasibility and availability in clinical settings in 
compared to HV.
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