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Abstract.
Background: Structural brain magnetic resonance imaging (MRI) scans may provide reliable neuroimaging markers for
defining amnestic mild cognitive impairment (aMCI).
Objective: We sought to characterize global and regional brain structures of aMCI among rural-dwelling older adults with
limited education in China.
Methods: This population-based study included 180 participants (aged ≥ 65 years, 42 with aMCI and 138 normal controls) in
the Shandong Yanggu Study of Aging and Dementia during 2014–2016. We defined aMCI following the Petersen’s criteria.
Global and regional brain volumes were automatically segmented on MRI scans and compared using a region-of-interest
approach. Data were analyzed using general linear regression models.
Results: Multi-adjusted �-coefficient (95% confidence interval) of brain volumes (cm3) associated with aMCI was –12.07
(–21.49, –2.64) for global grey matter (GM), –18.31 (–28.45, –8.17) for global white matter (WM), 28.17 (12.83, 44.07)
for cerebrospinal fluid (CSF), and 2.20 (0.24, 4.16) for white matter hyperintensities (WMH). Furthermore, aMCI was
significantly associated with lower GM volumes in bilateral superior temporal gyri, thalamus and right cuneus, and lower
WM volumes in lateral areas extending from the frontal to the parietal, temporal, and occipital lobes, as well as right
hippocampus (p < 0.05).
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Conclusion: Brain structure of older adults with aMCI is characterized by reduced global GM and WM volumes, enlarged
CSF volume, increased WMH burden, reduced GM volumes in bilateral superior temporal gyri, thalamus, and right cuneus,
and widespread reductions of lateral WM volumes.

Keywords: Amnestic mild cognitive impairment, brain volumes, population-based study, structural magnetic resonance
imaging

INTRODUCTION

Mild cognitive impairment (MCI) is usually consi-
dered a transitional stage between normal aging and
dementia [1]. Amnestic MCI (aMCI) is the most com-
mon form of MCI, characterized by low performance
in episodic memory isolated or in combination with
other cognitive domains in elderly people [2]. The in-
sidious onset of aMCI complicates clinical detection
in early stage, thus preventing effective interventions
from its progression to dementia or Alzheimer’s dis-
ease. Structural magnetic resonance imaging (MRI)
may provide reliable brain imaging markers for
timely detection and differentiation of MCI subtypes,
thus, facilitating early therapeutic and preventive in-
terventions [3].

The quantitative volumetric analysis on selected
brain regions has revealed that people with aMCI
show reduced volumes in the bilateral hippocampi,
amygdalae, frontal, occipital, and temporal lobes,
cingulate gyrus, and insular region [4]. Likewise,
voxel-based case-control studies have indicated that,
compared to normal controls, patients with aMCI
showed reduced grey matter (GM) volume mainly
confined to the hippocampus, thalamus, and parahip-
pocampal gyrus [5–7]. In addition, the region of
interest (ROI) approach has been used to capture sub-
tle structural brain alterations associated with MCI
[8, 9]. Indeed, the atlas-based ROI approach can
be applied to quantifying the global and regional
volumes of GM, white matter (WM), and cerebro-
spinal fluid (CSF). A ROI-based case-control study
has identified GM atrophy in patients with MCI in
the hippocampus, parahippocampal cortex, cingulate,
amygdala, and frontal and precentral regions [10].
By contrast, studies on WM volumetric alterations in
patients with aMCI have yielded conflicting results,
with some studies showing no differences in WM
volumes between patients with aMCI and healthy
controls [11], whereas others indicating smaller WM
volume in the temporal region in patients with aMCI
compared to normal controls [12]. Furthermore,
patients with aMCI showed higher loads of periven-
tricular white matter hyperintensities (WMHs) than
cognitively normal controls [13]. Most of the

previous studies on structural brain alterations of
aMCI have been conducted among highly educated
elderly patients in clinical settings, where the findings
may not be generalizable to the community-dwelling
older adults with no to little formal education. It has
been well established that cognitive phenotypes in
older adults vary with educational attainment at a
given load of structural brain damage [14]. In addi-
tion, brain structures of older adults may vary by
different educational attainments. For instance, the
cross-sectional data from the French Three-Cities
Study showed that higher educational attainment
was associated with larger volumes of GM in tem-
poroparietal and frontal lobes, and WM [15]. There-
fore, characterizing brain structures of aMCI among
rural-dwelling older adults with no or limited educa-
tion is highly relevant.

Thus, in this population-based study, we sought to
characterize the global and regional brain structures
of people with aMCI who were living in the rural
communities with limited educational attainment in
China.

METHODS

Study design and participants

This is a population-based case-control study. The
study participants were derived from the Shandong
Yanggu Study of Aging and Dementia that targeted
people who were aged 65 years and older and living
in the rural communities of Yanlou Town, Yanggu
County, western Shandong Province, China. Briefly,
the two-phase examination procedure was imple-
mented in the study in August 2014-September 2015.
At phase I (a screening phase, August-December
2014), 3,277 eligible participants underwent face-
to-face interviews and clinical examination, during
which the Mini-Mental State Examination (MMSE)
and the Ascertain Dementia 8-item Questionnaire
(AD8) were used to screen for global cognitive im-
pairment. The MMSE score ≤24 or AD8 score ≥2
was considered screening positive [16, 17]. Then,
a total of 1,981 participants who were positive in
either screening test at phase I were eligible for
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phase II examination (a clinical phase) that included
comprehensive clinical and neuropsychological ass-
essments. From December 2014 to September 2015,
997 (50.3% of participants who were positive in
either screening test at phase I) eventually accom-
plished the phase II assessment. Neuropsychological
assessments at phase II included administration of the
Auditory Verbal Learning Test (short-term delayed
recall, long-term delayed recall, category-cued recall
and recognition) for episodic memory, the Fuld
Object Memory Evaluation, the Category Verbal
Fluency test and the Boston Naming Test for lan-
guage, the Trail Making Test and Stroop interference
test for executive function, the Wechsler Memory
Scale-III Forward Digit Span and Backward Digit
Span for attention, the Wechsler block design test
and the Clock Drawing Test for visuospatial abil-
ity, the Functional Activities Questionnaire (FAQ) for
instrumental activities of daily living, the Hamilton

Depression Rating Scale, and the Hachinski Ischemic
Score.

Following the clinical phase, 217 individuals were
invited and agreed to undertake brain MRI scan in
November 2015-January 2016. Of these, 37 persons
were excluded due to dementia (n = 12), non-aMCI
(n = 2), vascular cognitive impairment (n = 1), uncer-
tain diagnosis (n = 5), lack of T1-weighted images
(n = 2) or brain infarcts on FLAIR and T2-weighted
images (n = 17, 2 with dementia and 1 with uncertain
diagnosis) that might affect the reliable assessment
of brain tissue volumes, leaving 180 persons for the
current analysis. Figure 1 shows the flowchart of the
study participants.

The protocol of the Shandong Yanggu Study of
Aging and Dementia was reviewed and approved by
the Ethics Committee on Human Experimentation at
Shandong Provincial Hospital affiliated to Shandong
University in Jinan, Shandong. Written informed

Fig. 1. Flowchart of the study participants. MMSE, Mini-Mental State Examination; AD8, Ascertain Dementia 8-item Questionnaire; MRI,
magnetic resonance imaging; aMCI, amnestic mild cognitive impairment; VCI, vascular cognitive impairment.
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consents were obtained from all participants, or if the
participants were not able to give the consent, from
the informants.

Data collection and assessments

Trained medical staff collected data through face-
to-face interviews and neuropsychological testing.
Data included demographics (e.g., age, sex, and edu-
cation), lifestyles (e.g., smoking, alcohol consump-
tion, and physical exercise), health history (e.g.,
hypertension, diabetes, and high cholesterol level).
We categorized education as illiterate, elementary
school, and middle school or above, smoking and
alcohol intake as ever versus never, and physical exer-
cise as at least weekly versus less than weekly. We
measured arterial blood pressure on the right upper
arm in a seated position after a 5 min rest using an
electronic blood pressure monitor. We defined hyper-
tension as systolic pressure ≥140 mm Hg or diastolic
pressure ≥90 mm Hg, or having the self-reported his-
tory of hypertension. We defined diabetes according
to the self-reported history of diabetes diagnosed by
a physician or fasting blood glucose ≥7.0 mmol/L.
We defined hyperlipidemia as total serum choles-
terol ≥6.2 mmol/L or triglyceride ≥2.3 mmol/L, or
low-density lipoprotein cholesterol ≥4.1 mmol/L, or
high-density lipoprotein cholesterol <1.0 mmol/L,
or having a self-reported history of hyperlipidemia.

Following the phase II examination, senior neu-
rologists specialized in dementia care and treatment
made diagnosis of dementia according to the Diag-
nostic and Statistical Manual of Mental Disorders,
4th edition, criteria (DSM-IV) [18], after review-
ing all records from face-to-face interviews, clinical
examination, and neuropsychological testing, as pre-
viously reported [19].

aMCI was defined by the two neurologists (L.C.
and H.T.) via reviewing all records from the face-to-
face interviews, clinical examination, and compre-
hensive assessments of sub-cognitive domains,
following the Petersen’s criteria [20]: 1) Memory
complaint or concern corroborated by the subject
or an informant, assessed by response to the ques-
tion: “Do you have daily problems with thinking or
memory”; 2) Objective memory impairment beyond
normal aging, according to performance of memory
test (Auditory Verbal Learning Test) and consensus
agreement among the two neurologists; 3) Pre-
served global cognitive function assessed by the
education-based MMSE score (MMSE score > 17
for illiteracy, >20 for elementary school, or >22 for

middle school or above) [21]; 4) Normal functional
activities assessed by FAQ (FAQ score <6) [19]; and
5) Absence of dementia according to the DSM-IV
criteria [18].

MRI acquisition and imaging assessment
protocols

All participants were scanned at one of the three
MRI centers in Liaocheng, Shandong. The common
core MRI protocol included the 3D T1-weighted,
T2-weighted, and 3D fluid attenuated inversion re-
covery (FLAIR) sequences. In the Liaocheng Third
People’s Hospital (GE Healthcare-Signa 1.5T, USA),
the parameters for the T1-weighted sequence were:
repetition time (TR) = 10.12 ms, echo time (TE) =
3.25 ms, thickness = 1.20 mm, spatial resolution =
0.60 × 0.60 × 0.60 mm3. In the Liaocheng People’s
Hospital (Philips-Achieva 3.0T, The Netherlands),
the T1-weighted sequence parameters were: TR =
6.90 ms, TE = 3.20 ms, thickness = 1.10 mm, spatial
resolution = 1.10 × 1.10 × 1.10 mm3. In the Liaoch-
eng Brain Hospital (Siemens-Magnetom Avanto
1.5T, Germany), we used the following parameters:
TR = 2400 ms, TE = 3.60 ms, thickness = 1.20 mm,
spatial resolution = 1.30 × 1.30 × 1.20 mm3.

We used the 3D T1-weighted images to quan-
tify the global and regional brain volumes. Global
and regional brain volumes were segmented via the
Computational Anatomy Toolbox (CAT12) in Matlab
(http://dbm.neuro.uni-jena.de/cat12/). CAT12 used
the a standard brain template of Montreal Neurolo-
gical Institute to automatically normalize the skull-st-
ripping brain, estimate the total intracranial volumes
(ICV), and segment brain tissues into GM, WM, and
CSF based on the Adaptive Maximum A Posteri-
ori technique [22, 23], and automatically detect the
WMHs. Then, we extracted the regional volumes of
GM and WM according to the Hammers atlas for
external analysis [24].

Statistical analysis

We compared the characteristics of study par-
ticipants by aMCI status using nonparametric Kol-
mogorov-Smirnov test for continuous variables and
χ2 tests for categorical variables. We used the gen-
eral linear regression models to estimate � coefficient
and 95% confidence interval of global measures
of brain volumes (i.e., ICV, GM, WM, CSF, and
WMH) associated with aMCI, in which we reported

http://dbm.neuro.uni-jena.de/cat12/
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the main results from two models: model 1 was
adjusted for age, sex, education, occupation, scan
centers, and, if applicable, for ICV; model 2 was
additionally adjusted for physical exercise, smoking,
alcohol intake, hypertension, diabetes and hyperli-
pidemia. Furthermore, we performed the full-fac-
torial design model (masking threshold = 0.001) to
compare the differences of voxel-based volumetric
brain measures by aMCI status, while controlling for
age, sex, education, occupation, ICV, MRI centers,
physical exercise, smoking, alcohol intake, hyper-
tension, diabetes, and hyperlipidemia. Then, we
performed the ROI-based analysis to identify the
brain regions with significant differences in voxel-
based volumes between people with and without
aMCI, in which the significance level was controlled
for false discovery rate (FDR). Finally, for all signif-
icant group-difference brain regions, we employed
multiple general linear regression models to further
assess the volumetric differences between the two
groups of persons with and without aMCI.

CAT12 Toolbox was used for both the full factorial
design and the ROI-based analyses. Stata Statistical
Software: Release 16 for Windows (StataCorp LLC.,
College Station, TX, USA) was used for the other
statistical procedures.

RESULTS

Characteristics of study participants

The mean age of the 180 participants was 69.23
(3.73) years, 40% were female, and nearly two-thirds
attended no formal school or only primary school.
Compared to the normal controls, people with aMCI
were more likely to be female and farmers, less
educated, and were less likely to do physical exer-
cise, smoke, and consume alcohol (p < 0.050). As
expected, the aMCI group had a lower mean MMSE
score and a higher mean AD8 score than the control
group (p ≤ 0.006). The two groups did not differ sig-
nificantly in mean age and the distribution of MRI
centers and chronic diseases (p > 0.050).

Global measures of brain structure

Compared to normal controls, people with aMCI
had reduced volumes of total GM and total WM but
higher volumes of CSF and WMH, even when con-
trolling for multiple potential confounders (p < 0.005,
Table 2). The two groups did not differ significantly
in ICV.

Table 1
Characteristics of the study participants

Characteristics Total sample Normal controls People with p∗
(n = 180) (n = 138) aMCI (n = 42)

Age (y), mean (SD) 69.23 (3.73) 68.86 (3.51) 70.43 (4.20) 0.219
Female 72 (40.00) 47 (34.06) 25 (59.52) 0.003
Education levels <0.001

Illiterate 43 (23.89) 24 (17.39) 19 (45.24)
Primary school 74 (41.11) 58 (42.03) 16 (38.10)
Middle school or above 63 (35.00) 56 (40.58) 7 (16.67)

Occupation 0.015
Farmers 149 (82.78) 109 (78.99) 40 (95.24)
Non-farmers 31 (17.22) 29 (21.01) 2 (4.76)

Physical exercise 0.031
Weekly 99 (55.00) 82 (59.42) 17 (40.48)
Less than weekly 81 (45.00) 56 (40.58) 25 (59.52)

Ever smoking 88 (48.89) 74 (53.62) 14 (33.33) 0.021
Ever alcohol intake 101 (56.11) 83 (60.14) 18 (42.86) 0.048
Hypertension 121 (67.22) 89 (64.49) 32 (76.19) 0.157
Hyperlipidemia 47 (26.11) 35 (25.36) 12 (28.57) 0.678
Diabetes mellitus 28 (15.56) 21 (15.22) 7 (16.67) 0.820
MRI center 0.956

Liaocheng 3rd 67 (37.22) 52 (37.68) 15 (35.71)
People’s Hospital

Liaocheng Brain Hospital 61 (33.89) 46 (33.33) 15 (35.71)
Liaocheng People’s Hospital 52 (28.89) 40 (28.99) 12 (28.57)

MMSE score, mean (SD) 25.21 (4.77) 26.50 (4.21) 20.98 (4.02) <0.001
AD8 score, mean (SD) 1.79 (1.43) 1.58 (1.35) 2.48 (1.49) 0.006

Data were n (%), unless otherwise specified. aMCI, amnestic mild cognitive impairment; MMSE, Mini-Mental State Examination; AD8,
Ascertain Dementia 8-item Questionnaire. ∗p-value was for the test of differences between people with aMCI and cognitively normal controls.
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Table 2
Associations of amnestic mild cognitive impairment with global measures of brain structure

Brain measures Brain volumes (cm3), � coefficient (95%
mean (SD) confidence interval)

Normal controls People with aMCI Model 1a Model 2a

(n = 138) (n = 42)

Total ICV 1359.50 (133.55) 1298.20 (141.48) –11.81 –11.04
(–50.53, 26.91) (–49.82, 27.74)

GM volume 533.75 (53.94) 500.30 (48.78) –12.05 –12.07
(–21.23, –2.87)∗ (–21.49, –2.64)∗

WM volume 464.25 (51.49) 423.86 (45.07) –18.22 –18.31
(–28.19, –8.24)‡ (–28.45, –8.17)‡

CSF volume 358.39 (62.82) 367.38 (76.55) 27.70 28.17
(12.11, 43.28)‡ (12.83, 44.07)‡

WMH volume 4.11 (5.11) 6.66 (7.52) 2.57 2.20
(0.65, 4.49)† (0.24, 4.16)∗

aMCI, amnestic mild cognitive impairment; ICV, intracranial volume; GM, grey matter; WM, white matter; CSF, cerebrospinal fluid;
WMH, white matter hyperintensities. aModel 1 was controlled for age, sex, education, occupation, MRI centers, and, if applicable, for
total intracranial volume; model 2 was additionally adjusted for ever smoking, alcohol intake, physical exercise, hypertension, diabetes, and
hyperlipidemia. ∗p < 0.05, †p < 0.01, ‡p < 0.001.

Regional grey matter and white matter volumes

After controlling for multiple potential confou-
nders, people with aMCI had significantly reduced
GM volumes in the bilateral superior temporal reg-
ions and thalamus, and right cuneus (FDR corrected
p < 0.05, Table 3 and Fig. 2A).

Compared to normal controls, the aMCI group
had significantly lower WM volumes primarily in
bilateral superior, middle, inferior and orbito-frontal
areas, bilateral superior temporal gyri, posterior tem-
poral lobes, inferior lateral parietal lobes, lateral
occipital lobes, left lingual gyrus, bilateral precentral
and right postcentral gyri, and right hippocampus in
both the ROI-based analysis and the multiple-variable
adjusted general linear regression analysis (FDR cor-
rected p < 0.05, Table 3 and Fig. 2B).

DISCUSSION

In this population-based study of rural-dwelling
older adults with no or limited education in China, we
found that people with aMCI displayed lower global
GM and WM volumes, enlarged CSF volume, and
higher WMH burden compared to cognitively nor-
mal controls. Furthermore, GM volumes of people
with aMCI were lower than controls in the bilat-
eral superior temporal gyri and thalamus, and right
cuneus. Finally, people with aMCI had reduced WM
volume mainly in widespread lateral regions, encom-
passing frontal to parietal, temporal, and occipital
lobes, which were more extensive compared to the
reduced GM volumes in the lateral cortical regions.

Previously, the population-based Sydney Memory
and Ageing Study of highly educated older adults
(e.g., average years of formal education >10) indi-
cated that the atrophic GM regions in patients with
aMCI involved the hippocampus bilaterally and tem-
poral lobes [7]. Likewise, a clinical-based study of
Chinese elderly (average years of formal education
>9) found an association of aMCI with reduced
GM volume mainly in frontal, temporal, and pari-
etal lobes, as well as precuneus and cingulate gyrus
[25], but not in the hippocampus and thalamus that
are often considered as the early signs of aMCI [26].
A meta-analysis of 22 case-control studies showed
a similar pattern of brain atrophy between MCI and
aMCI in the amygdalae and hippocampi, left medial
temporal pole, as well as the precuneus bilaterally,
but patients with aMCI exhibited additional atrophy
in left superior temporal gyrus and left thalamus [27].
Overall, our population-based study showed reduced
GM volumes in the superior temporal gyrus and tha-
lamus of people with aMCI, which was in line with
the previous studies, and further identified additional
GM regions that were affected in older adults with
aMCI who were living in the rural communities and
had limited educational attainments.

Our population-based study indicated the regional
WM alterations in patients with aMCI, such as red-
uced volumes in frontal, temporal, and parietal lobes.
Population-based studies of regional WM volumet-
ric alterations in aMCI are rare. The diffusion tensor
imaging data from the Sydney Memory and Ageing
Study suggested that older adults who would develop
aMCI in the subsequent two years presented reduced
WM integrity in frontal, parietal, and subcortical
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Table 3
Associations of amnestic mild cognitive impairment with regional grey and white matter volume

Brain regions Brain volumes (cm3), � coefficient (95% FDR corrected
mean (SD) confidence interval)a p-value

Normal controls People with
(n = 138) aMCI (n = 42)

Grey matter
Superior temporal gyrus

Left 5.55 (0.79) 4.96 (0.68) –0.40 (–0.64, –0.16)† 0.016
Right 6.10 (0.96) 5.51 (0.63) –0.40 (–0.68, –0.12)† 0.025

Cuneus
Right 4.48 (0.59) 4.06 (0.52) –0.28 (–0.46, –0.09)† 0.025

Thalamus
Left 5.04 (0.64) 4.66 (0.65) –0.31 (–0.54, –0.09)† 0.025
Right 5.17 (0.64) 4.70 (0.59) –0.38 (–0.60, –0.17)‡ 0.008

White matter
Superior frontal

Left 21.43 (3.01) 19.21 (2.34) –1.04 (–1.83, –0.25)∗ 0.025
Right 20.56 (2.93) 18.45 (2.31) –1.07 (–1.83, –0.32)† 0.023

Middle frontal
Left 21.18 (2.87) 18.72 (2.29) –1.33 (–2.05, –0.61)‡ 0.005
Right 20.58 (3.19) 18.28 (2.33) –1.22 (–1.98, –0.46)† 0.009

Inferior frontal
Left 5.41 (0.73) 4.76 (0.62) –0.40 (–0.62, –0.18)‡ 0.005
Right –0.29 (–0.54, –0.04)‡ 0.037

Orbito-frontal
Left 5.48 (0.74) 4.95 (0.64) –0.23 (–0.42, –0.04)∗ 0.037
Right 5.73 (0.82) 5.14 (0.75) –0.27 (–0.47, –0.07)† 0.023

Superior temporal
Left 5.46 (0.75) 4.90 (0.58) –0.37 (–0.57, –0.17)‡ 0.005
Right 5.48 (0.85) 4.91 (0.56) –0.36 (–0.59, –0.14)† 0.009

Posterior temporal
Left 17.03 (1.93) 15.48 (1.78) –0.81 (–1.30, –0.32)† 0.009
Right 16.75 (2.45) 15.26 (1.80) –0.67 (–1.27, –0.07)∗ 0.044

Inferior lateral parietal
Left 14.40 (1.87) 12.94 (1.59) –0.79 (–1.29, –0.30)† 0.009
Right 14.34 (2.23) 12.90 (1.79) –0.74 (–1.34, –0.14)∗ 0.031

Lateral occipital
Left 16.31 (2.14) 14.97 (1.88) –0.64 (–1.18, –0.09)∗ 0.037
Right 16.13 (2.53) 14.71 (1.67) –0.81 (–1.41, –0.20)∗ 0.025

Lingual
Left 4.24 (0.61) 3.83 (0.59) –0.23 (–0.42, –0.04)∗ 0.031

Precentral
Left 18.10 (2.44) 16.59 (1.69) –0.79 (–1.43, –0.15)∗ 0.031
Right 17.72 (2.61) 16.07 (1.79) –0.82 (–1.42, –0.22)† 0.023

Postcentral
Right 13.08 (1.93) 11.80 (1.29) –0.62 (–1.06, –0.18)† 0.023

Hippocampus
Right 2.27 (0.30) 2.08 (0.28) –0.02 (–0.03, 0.00)† 0.023

aMCI, amnestic mild cognitive impairment; FDR, false discovery rate. aThe general linear regression model was
adjusted for age, sex, education, occupation, ever smoking, alcohol intake, hypertension, diabetes, hyperlipidemia,
total intracranial volume, and MRI centers. ∗p < 0.05, †p < 0.01, ‡p < 0.001.

regions, compared to those who remained cognitively
normal [28], which was consistent with our findings
of volumetric analysis. This study also suggested
that loss of WM integrity might occur at the pre-
aMCI stage. Nevertheless, the potential mechanisms
and usefulness of structural WM alterations in defin-
ing aMCI among older adults deserves further inve-
stigation.

This population-based study showed that people
with aMCI had a heavier global WMH burden than
cognitively normal controls, independent of vascu-
lar risk factors. WMH load has been linked with
impairment in cognitive domains such as attention,
processing speed, and executive function, but the
correlation of WMH load with memory impairment
seems less consistent [29, 30]. A community-based
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Fig. 2. Voxel-wise comparisons of regional grey matter and white matter volumes between people with and without amnestic mild cognitive
impairment. Regional volumes were lower in the aMCI group (n = 42) compared with normal controls (n = 138) after controlling for age, sex,
education, occupation, ever smoking, alcohol intake, physical exercise, hypertension, diabetes, hyperlipidemia, total intracranial volume, and
MRI centers. A) Regional GM volume (e.g., bilateral temporal gyri and thalamus) was reduced in the aMCI group compared with normal
controls after FDR correction. B) Regional WM volume (e.g., bilateral frontal and superior temporal areas) was reduced in the aMCI group
compared with cognitively normal controls.

case-control study from the Mayo Clinic also sug-
gested that patients with aMCI had a greater WMH
burden than cognitively normal people [31]. Addi-
tionally, WMH load was related to conversion from
normal cognition to MCI [32]. Thus, the severity of
WMH may be associated with aMCI, although this
association may be less prominent than that of brain
atrophy [33, 34].

A neuropathological study suggested that patients
with aMCI showed increased neuritic plaques and
neurofibrillary tangles in frontal, parietal, temporal
lobes, and hippocampal and entorhinal regions [35],
which supports the view that aMCI represents a tran-
sitional stage from normal brain aging to Alzheimer’s
disease. In addition, a fluorodeoxyglucose-positron
emission tomography (FDG-PET) imaging study
indicated that patients with aMCI showed hypom-
etabolism in the medial temporal lobe and fronto-
limbic regions [36]. Taken together, evidence from
the neuropathological and metabolic imaging studies
support the characteristics of structural brain alter-
ations identified in our study.

This population-based study targeted the rural-
dwelling older adults with no to little formal educ-
ation, to whom the research communities have paid
little attention so far. Furthermore, the population-
based design allowed to capture very mild aMCI
cases compared with studies performed in clini-
cal settings. In addition, aMCI was defined based
on clinical examination and comprehensive neu-
ropsychological assessments. Our study also has
limitations. First, the relatively small sample size
as well as inclusion of mild aMCI cases from the
general elderly population setting limited the poten-
tial to detect subtle differences in some measures
of global and regional brain structures between
people with aMCI and healthy controls. In addi-
tion, we do not have any biomarkers (e.g., CSF or
plasma amyloid-�) or molecular imaging markers
(e.g., brain amyloid PET imaging) to characterize
the neuropathological basis of structural brain dif-
ferences between people with aMCI and healthy
controls. Finally, volumetric brain measures were
assessed using three different MRI scanners with
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different parameters, which might affect the results,
although the distributions of aMCI cases and healthy
controls did not differ across the centers and we
also controlled for the MRI centers in our analyses.

CONCLUSION

This population-based study of the rural-dwelling
older adults with limited educational attainments
revealed that brain structure of people with aMCI
was characterized by reduced global GM and WM
volumes, enlarged CSF volume, higher WMH load,
lower GM volumes in bilateral superior temporal
gyri, thalamus and right cuneus, and lower WM vol-
ume in widespread lateral regions. These findings
may have implications for early detection of aMCI
among rural residents with limited education.
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