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Background: The severity and progression of white matter ischemic lesion (WMIL) are closely linked to vascular dementia.
The function of neural tissue is closely linked to glucose consumption as the most important energy-supplying
metabolic process. At present, ¥fluorine-fluorodeoxy glucose (*¥*FDG) positron emission tomography (PET) can
provide regional and 3-dimensional quantification of glucose metabolism in the human brain. Although MMSE
and MoCA are commonly used screens in cognitive impairment, no research team has yet validated their per-
formance in WMIL. The purpose of our study was to compare MMSE and MoCA in screening for cognitive im-
pairment and to explore the correlations between CMRglu values and executive function.

Material/Methods: All the participants underwent comprehensive clinical, MoCA, MMSE, MRI, and PET examinations. Patients in
the WMIL group were subdivided into 3 severity subgroups according to the Fazekas scale.

Results: The MoCA scores were lower in the WMIL group. Our research indicates that MoCA is a more sensitive screen-
ing tool than the commonly used MMSE in detecting cognitive impairment in patients with WMIL. CMRglu val-
ues of gray matter were decreased in the WMIL group. Reductions of CMRglu in parietal lobe, frontal lobe, and
white matter centrum semiovale were observed to different degrees in the WMIL groups according to the mod-
ified Fazekas scale. A significant negative correlation was found between executive function and CMRglu in the
frontal lobe.

Conclusions: MoCA appears to be a more sensitive screening tool than the commonly used MMSE in detecting cognitive im-
pairment in patients with WMIL. CMRglu can potentially be used as a biomarker for predicting the severity of
WMIL.
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Background

White matter ischemic lesion (WMIL) is commonly seen in the
elderly [1]. In WMIL patients, cognitive impairment adversely
influences daily living activities and quality of life [2] while in-
creasing caregiver burden [3]. The cerebral glucose metabolism
decrease may reduce white matter integrity due to tissue dam-
age or indirectly as a consequence of anterograde Wallerian
and/or retrograde axonal degeneration [4]. Furthermore, re-
duced white matter integrity has been found to be associated
with cognitive impairment [5]. The severity and progression of
WMIL are closely linked to vascular dementia (VaD). In most
Western countries, VaD makes up at least 10-20% of demen-
tias, and in some Asian countries it is the most common form
of dementia [6,7]. The function of neural tissue is closely linked
to glucose consumption, which is the most important energy-
supplying metabolic process [8]. Over the past few years, pos-
itron emission tomography (PET) has contributed much to the
understanding of neurological disorders [9]. With this tech-
nique, the effects of glucose consumption on regional distur-
bances and changes in functional activity can be detected. At
the present time, PET can provide regional and 3-dimensional
quantification of glucose metabolism in the human brain [10,11].
Using measurements of the concentration of an injected radio-
labelled glucose analog in small volumes of tissue along with
appropriate reconstruction algorithms, computed tomographic
images of the spatial tracer distribution can be obtained [12].

Our study investigated the correlation between cognitive func-
tion and cerebral metabolic rate for glucose utilization (CMRglu)
by using dynamic **fluorine-fluorodeoxy glucose (**FDG) PET
imaging technology. The purpose of our study was to explore
clinical and neuropsychological evidence for early detection of
WMIL. We tested the following hypotheses: a) WMIL patients
will show impairment in cognitive and executive function com-
ponents, b) Patients with WMIL will show lower CMRglu val-
ues as compared to case controls, and c) There would be a
correlation between CMRglu values and executive function.

Material and Methods

Study subjects

A prospective case-control study was designed. The study was
conducted in the Department of Neurology, Beijing Chaoyang
Hospital, Capital Medical University. In our study, 30 WMIL pa-
tients and 30 healthy older people were recruited consecutive-
ly during a 10-month period (March 1 to December 31, 2013).
The 2 groups were matched for age, sex, and level of educa-
tion. To be included, subjects had to be between the ages be-
tween of 60 and 80 years; have some degree of white matter
hyperintensity on MRI; had to have no or only mild disability
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as determined by the Instrumental Activities of Daily Living
Scale [13,14]; and had to sign an informed consent. Exclusion
criteria were [14]: likelihood of dropping out because of the
presence of severe illness (e.g., cardiac, hepatic, or renal fail-
ure, cancer or other relevant systemic diseases); severe unre-
lated neurological diseases; leukoencephalopathy of nonvas-
cular origin (immunological, demyelinating, metabolic, toxic,
infectious, other); severe psychiatric disorders; dementia (any
type, determined from the medical record); identified as hav-
ing had other confounding conditions that might have inde-
pendently produced cognitive impairment; inability to pro-
vide informed consent; and inability or refusal to undergo PET.

Informed consent with written documentation was obtained
from participants with co-signature from a legally authorized
representative. The study was approved by the Human Research
Protection Office and the Radioactive Drug Research Committee
of Beijing Chaoyang Hospital, Capital Medical University.

Procedure and imaging acquisition

All the participants underwent comprehensive clinical and
neuropsychological examinations, and 3.0-T MRI. Patients in
the WMIL group were subdivided into 3 severity subgroups
according to the Fazekas scale. Furthermore, all patients in-
volved in our research were subjected to ¥FDG. Following that,
the PET images were obtained. CMRglu was evaluated with
semi-quantitative method by calculating the cerebral glucose
standard uptake value (SUV) [15].

Cognitive assessment

The subjects’ cognitive function was evaluated with the Chinese
versions of the Mini-Mental State Examination (MMSE) [16] and
Montreal Cognitive Assessment (MoCA) [17]. We gave the MMSE
and MoCA on the same day to the subjects, ranging in age from
60 to 80 years, stratified by decade. Half took the MMSE first,
and half took the MoCA first. We subsequently gave them trail
making tests A and B (TMT-A, TMT-B). TMT-A and TMT-B assess
a person’s ability to sequence and shift perceptual sets, con-
centration and vigilance, and visuomotor scanning and tracking
speed [18], which reflect executive control functioning [18,19].

FDG PET studies

All patients fasted for at least 6 h (blood glucose level
<160 mg/dl) and underwent brain dynamic *FDG PET (Gemini
GXL, Philips Medical Systems, Cleveland, OH, USA) scan. Details
of the PET study were explained to the patients and they pro-
vided written informed consent as established by our Ethics
Committee. After intravenous bolus administration of *FDG
(ranging from 185 to 200 MBq) [20], a dynamic list-mode acqui-
sition protocol was started, lasting 60 min. Data were corrected
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Table 1. The baseline characteristics of patients and risk factors associated with WMIL patients and case control group.

Variable WMIL (n=18)

Female, n (%) 7 (38.9)
 Age,years meanssD 687151
 Education, years, mean 5D 59154
Currentsmoking n®%) s (@48
 Alcohol habits, n(%) s @78
 Chronic hypertension, n(%) 9 (00
 Diabetes meliitus, n(%) 11 (611
cardiopathy, n(%) 4 @2
Dyslipidemia,n()) 13 (667)

Case control (n=18) P
8 (44.4) 0.459
"""""""""" 69.2¢55 o743
""""""""""" 5363 o012
"""""""""" 9 (00)  oes7
"""""""""" 6 (33 o054
"""""""""" 8 (444 o062
o sse 0513
"""""""""" s (78 o031
12 @2 033

* P<0.05. Data are expressed as: mean +SD and no. (percent). WMIL — white matter ischemic lesion.

Table 2. Neuropsychological performance.

Variable Case group

TMT-A 104.5+£10.8
"""""""""" ™ 20308169
 MeA 2821
"""""""""" MmMsE 260823

Case control group P
89.6+£13.7 <0.001*
 1es40 <00
""""""""" 43124 oo
""""""""" %831 o022

* P<0.05. Data are expressed as: mean +SD and no. (percent). TMT — trail making test; MoCA — Montreal Cognitive Assessment;

MMSE — Mini-Mental State Examination.

for random events, dead time and attenuation; images were
reconstructed using an iterative method of line of response
(3-D row action maximum likelihood algorithm LOR) imple-
mented by Philips. Images were visualized and analyzed us-
ing a dedicated software package (PMOD, University of Zurich,
Switzerland [15,21]) in coronal, sagittal, and transverse views.

Data analysis

All statistical analyses were conducted using SPSS software, ver-
sion 16.0 (IBM, Armonk, NY, USA). Data are expressed as means
+ standard deviation (xs). First, an analysis to check whether
cases and controls were matched on the main socio-demograph-
ic variables (sex distribution, age, and educational level) was
performed. Group differences in demographic variables, MoCA
scores, and MMSE scores were examined using one-way analy-
sis of variance (ANOVA) or chi-square analysis. The Pearson cor-
relation was used to analyze the associations between CMRglu
and TMT. Mean differences for each pair of sessions were com-
pared using the least significant difference (LSD) test. Variables
were analyzed by univariate and then multivariate logistic re-
gression. All remaining variables were entered in the analysis as
binary variables (present/absent). A value of P<0.05 was consid-
ered indicative of a statistically significant difference.

Results

This was a case-control study involving 30 WMIL patients and 30
healthy control subjects. No white matter lesions were detect-
ed in the control group. The sex, age, and education level were
very comparable between the 2 groups. A detailed description
of the demographics of the patients included in our study is
shown in Table 1. Briefly, the patients in the WMIL group had
higher rates of diabetes and blood pressure. However, there
were no significant differences in these parameters between
the 2 groups. The other cerebrovascular disease risk factors
were also similar in the 2 groups.

The MMSE scores were lower for the WMIL group; however,
there was no significant difference in MMSE scores between
the WMIL group and the control group (Table 2). The results
of this study demonstrate the accuracy of MoCA in the diag-
nosis of WMIL patients’ cognitive impairment. When the sub-
jects were grouped by decade of age, a statistical difference
was observed between MMSE score and MoCA score in the
8" decade (70-79 years old) (Table 3).

The most common impairments in 30 WMIL patients were ex-
ecutive dysfunction (n=13; 43.3%), followed by memory (n=11;

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

1527




CLINICAL RESEARCH

Table 3. Clinical measures grouped by decade.

Decade (years) ([(0)] Age (years)
7t (60s) 36 64.6+5.9
gy u 751865
CMean - s
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MMSE score; rrange  MoCA score; range P
26.9+2.3;(24-29) 23.5+2.1; (21-26) 0.0516

2613180428 2308162025 o041z

2668260429 233823,(2026) 0047

* P<0.05. Data are expressed as: mean +SD. MMSE — Mini-Mental State Examination; MoCA — Montreal Cognitive Assessment.
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Figure 1. The mean time of TMT-A in the two groups. The
results indicated that there is a statistically significant
difference in TMT-A.
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Figure 2. The mean time of TMT-B in the two groups. The
results indicated that there is a statistically significant
difference in TMT-B.

36.7%) and attention (n=9; 30.0%) impairments. Orientation to
time and place impairments (n=2; 6.7%) as well as visuospa-
tial functional impairments (n=3; 10.0%) were the least com-
mon. Of the 13 WMIL patients who showed executive dysfunc-
tion, most exhibited impairment in cube copying (n=7; 46.2%)
or trail making (n=9; 69.2%), and 3 subjects (23.1%) displayed
impairments in both.

The mean time of TMT-A was 104.5+10.82 s in the case group
and 89.6+13.65 s in the control group. For TMT-B, the mean time

Figure 3. Mean CMRglu in total gray matter in WMIL group vs.
case-control group.

was 203.0+16.87 s and 181.6+14.02 s, respectively (Table 2).
The results show statistically significant differences both in
TMT-A and TMT-B (Figures 1 and 2). The case group was slow-
er than the control group.

No significant differences were observed for any of the brain
regions delineated between left and right CMRglu values (data
not shown). Compared with the controls, the CMRglu values
of gray matter were decreased in the WMIL group (Figure 3).
Reductions of CMRglu in parietal lobe, frontal lobe, and white
matter centrum semiovale were observed to different degrees
in the WMIL groups according to the modified Fazekas scale.
Figures 4 and 5 show the mean of CMRglu in the right frontal
lobe and right temporal lobe in different degrees of WMIL pa-
tients according to the Fazekas scale. However, there were no
significant differences among the 3 levels of WMIL groups in pa-
rietal lobe or occipital lobe (Table.4). No recent publications were
available for comparison of these separate parameters in China.
Furthermore, our study shows the negative correlation between
TMT time and the right frontal lobe CMRglu value (Figure 6).

Discussion

To the best of our knowledge, this is the first PET research in
China to focus on factors that affect cognitive impairment.
We have shown here that the MoCA, but not the MMSE, has
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Figure 4. Mean CMRglu in right fronatl lobe in different degree
of WMIL patients according to the Fazekas scale.

Figure 5. Mean CMRglu in right temporal lobe in different degree
of WMIL patients according to the Fazekas scale.

Table 4. Comparison of CMRglu in different degree of WMIL.

Brain region (left) Mild (n=9) Moderate (n=15)  Severe (n=6)

Frontal 25.3+7.8 22.4+8.1 19.846.5 23.5 <0.001*
tempoal 274183 241574 26171 252 0001
Cparetal wot6s 265169 258:73 02 0ss2
Coccpital 23972 25167 23165 52 0697
 White matter centrum semiovale 130836 106844 o135 14 0047

Data are expressed as: mean +SD and no. (percent). Units: ymol 100 g'min~' (mean +SD). * Statistically significant differences

between sessions (P<0.05).
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Figure 6. Scatterplots for TMT and CMRglu in frontal for patients
with WMIL.

adequate psychometric properties as a screening instrument
for the detection of mild cognitive impairment in WMIL disease.

Naming and orientation were preserved even in patients with low
MoCA scores. In contrast, cube copying (1 point), clock drawing
(3 points), and trail making (1 point) scores decreased remark-
ably even in high MoCA score patients. We observed differenc-
es between the MoCA and MMSE subtests that measured sim-
ilar abilities. For instance, the MoCA includes a 5-word delayed

recall test, whereas the MMSE provides a 3-word delayed re-
call test; even for patients with high MoCA scores, 5-word recall
was difficult according to the MoCA, whereas 3-word recall ac-
cording to the MMSE was relatively preserved [22]. In addition,
the MoCA includes a subtest in which 2 sentences are repeated,
whereas the MMSE includes a subtest in which a single sentence
is repeated. Furthermore, the length and complexity of the sen-
tences are greater in the MoCA [23]. These results suggest that
MMSE might lack specificity for cognitive impairment screening.

Previous ®FDG PET methodology studies had demonstrat-
ed hypometabolism in the cerebral hemisphere of ischemic
stroke patients [24]. This is in line with the present data, which
shows decreased CMRglu in patients with WMIL as compared
with controls. Ours is the first study using ¥FDG PET meth-
odology in WMIL patients in China. In WMIL patients (n=30),
total gray matter CMRglu was lower than in controls. The
strong correlation between CMRglu and cognitive function
in ischemic lesion patients has previously been demonstrat-
ed [16,25]. This study found that lower CMRGlu predicted ex-
ecutive function impairment (Figure 6), which is in line with
the earlier reported results. As in experimental focal WMIL,
where metabolism was found to be related to cellular loss,
these metabolic studies using PET assessed the condition of
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the WMIL tissue and its propensity for functional deteriora-
tion [25]. On the other hand, the results stressed the impor-
tance of the functional capacity of the whole brain in coping
with a focal defect. The data suggest that WMIL is a chron-
ic condition leading to ischemic cellular losses in the brain
[26,27]. These findings point to a possible pathomechanism
of WMIL and a potential role for CMRglu as a biomarker for
predicting the severity of WMIL.

Our study had several limitations. First, determination of the
specificity and sensitivity of the MoCA for cognitive impairment
in our population could not be made because formal neuropsy-
chological testing was not performed. Second, undergoing the
battery of cognitive assessments in addition to the MMSE and
MoCA likely caused fatigue in our subjects, which may have in-
creased the probability of error, although to compensate we of-
fered a 5- to10-min rest in the middle of the assessment ses-
sions or spread assessments over 2 consecutive days. Finally, our
sample size was not sufficiently large, limiting statistical power.
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Conclusions

MoCA appears to be a more sensitive screening tool than the
commonly used MMSE for detecting cognitive impairment in
patients with WMIL. Glucose metabolism measured with posi-
tron emission tomography was decreased in patients with white
matter ischemic lesion. A significant negative correlation was
found between executive function and CMRglu in the frontal
lobe. These findings suggest a possible pathomechanism of
WMIL and a potential role for CMRglu as a biomarker for pre-
dicting the severity of WMIL. However, the influence of glu-
cose metabolism on cognitive impairment resulting from white
matter ischemic lesion is variable and merits further research.
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