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Proton magnetic resonance spectroscopy and 
cognitive impairment in patients with ischemic 
white matter lesions
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Background: The purpose of this study is to investigate the relationship between the cognitive impairment and NAA/Cr and Cho/
Cr ratios in the proton magnetic resonance spectroscopy (1HMRS), and to assess the importance of 1HMRS in the early diagnosis of 
cognitive impairment in patients with ischemic white matter lesions (WMLs). Materials and Methods: A total of 45 patients (23 
males and 22 females) with the ischemic WML were divided into mild WML group (n = 15), moderate WML group (n = 15), and 
severe WML group (n = 15). A total of 15 healthy controls (8 males and 7 females) with no WML on magnetic resonance imaging 
were included. 1HMRS focusing on the frontal lobe white matter around the anterior horn of the lateral ventricle and Montreal 
Cognitive Assessment (MoCA) were conducted. Results: Patients with more severe WML had lower MoCA scores. The NAA/Cr 
ratio in 1HMRS was reduced in all the patients and was strongly correlated with the total MoCA scores (r = 0.845, P < 0.001). The 
Cho/Cr ratio in 1HMRS was increased in mild and moderate patients, was negatively correlated with the total MoCA scores (r = 
0.907, P < 0.001). The Cho/Cr ratio was reduced in the severe patients and was positively correlated with the total MoCA scores 
(r = 0.937, P < 0.001). In addition, NAA/Cr and Cho/Cr ratios in 1HMRS were changed in patients with the mild WML whose total 
MoCA scores were similar to the controls. Conclusion: Our results suggest that NAA/Cr and Cho/Cr ratios in 1HMRS are useful 
indicators for early diagnosis of ischemic WML and cognitive impairment in patients with ischemic WML.
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underlie the cause of the radiological changes on CT and 
MRI.[2,7] Though CT and MRI can detect the morphological 
changes in the WMLs, they provide little information on 
the functional change in the WMLs, especially in the early 
stage of WML when no obvious morphological changes 
occur. Proton magnetic resonance spectroscopy (1HMRS), 
which detects the abnormalities of tissue metabolism 
rather than anatomy, emerges as a useful technique for 
evaluating the extent and severity of the WML.[14] It has 
been reported that 1HMRS can effectively distinguish 
WMLs in patients with subcortical arteriosclerotic 
encephalopathy from those in asymptomatic elderly.[15]

The primary sources of the 1HMRS signals in normal 
brain are N-acetyl aspartate (NAA), choline (Cho), 
creatine (Cr). NAA is found in neurons and axonal 
process, and is reduced in ischemia, multiple sclerosis, 
and degenerative diseases, suggesting neuronal death 
or injury.[16,17] Cho has been reported to be elevated in 
demyelinating diseases and ischemia.[18,19] In this study, 
we investigated the cognitive impairment in 45 patients 
with the ischemic WMLs and measured the NAA/Cr and 

IntRoductIon

Cerebral white matter lesions (WMLs) are commonly 
found in patients with cerebrovascular diseases such 
as atherosclerosis, hypertension, stroke, and brain 
infarction.[1-4] It has been reported that white matter 
ischemic lesions (WMILs) are caused by chronic 
ischemia resulting from long-term low cerebral blood 
perfusion due to atherosclerosis.[1,5-7] Ischemic WMLs 
are associated with clinical manifestations of cognitive 
impairment including reduced memory, processing 
speed, and executive functions.[8,9] Several studies have 
shown that the severity of WMLs is associated with the 
extent of cognitive impairment.[10-12] However, it remains 
unclear how WMLs lead to the cognitive impairment.

Magnetic resonance imaging (MRI) and computed 
tomography (CT) have been widely used for the detection 
of WMLs. WMLs appear as areas of hyperintensity on 
T2-weighted MRI, and as areas of low attenuation on 
CT.[12,13] Ischemia or demyelination has been reported to 
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Cho/Cr changes, using 1HMRS. The purpose of this study 
was to study the relationship between cognitive impairment 
and NAA/Cr and Cho/Cr ratios in 1HMRS, and to assess the 
importance of 1HMRS in the early diagnosis of cognitive 
impairment in patients with ischemic WMLs.

MateRIals and Methods

Subjects
The study was approved by the Medical Ethics Committee of 
the Medical University and all subjects gave their informed 
consent. This prospective case-control study included 
45 patients (23 males and 22 females) who were diagnosed 
clinically with WMILs from January 2011-March, 2012 at 
our department. A total of 15 healthy controls (8 males and 
7 females) with no WMLs on MRI were included. This study 
only included patients with WMLs who were diagnosed 
with brain ischemic diseases including brain infarction, 
chronic cerebral circulation insufficiency, and subcortical 
arteriosclerotic encephalopathy. We excluded patients 
with WMLs, who were associated with infection, poisoning, 
metabolic diseases, and neurodegenerative diseases. In addition, 
the patients with disturbance of consciousness, delirium, and 
mental illness were excluded. We also excluded the patients 
who did not undergo MRI, 1H-MRS, and neuropsychological 
test (MoCA) due to aphasia, hearing impairment, visual 
impairment, and motor and sensory disorders.

All patients underwent MRI and the severity of WMLs 
was scored based on T2-weighted MRI images according 
to the report by Wahlund et al.,[13]. The WML was defined 
as hyperintensity >5 mm on T2-weighted images. Patients 
with WMIL were categorized into three groups according 
to the severity of WMLs. For patients with mild WMLs 
(Group A, n = 15), a single lesion was observed on MRI. For 
patients with moderate WMLs (Group B, n = 15), confluence 
of lesions were found on MRI. For patients with severe 
WML (Group C, n = 15), diffuse involvement of the entire 
regions were identified on MRI.[13] For controls (Groups D, 
n = 15), no WMLs were found on MRI. The clinical data of 
these patients and controls are shown in Table 1. Patient 
age, gender, and education level did not differ significantly 
among the four groups.

The MoCA for testing cognitive impairment
The MoCA was administered by a well-trained neurologist 
in 10-15 min to all groups on the days of their first visit to the 

hospital. The MoCA is a 30-point test, including visuospatial 
executive function assessed by a clock-drawing test 
(5 points), naming task (3 points), language skills assessed 
by verbal fluency test (3 points), attention (6 points), short 
memory recall (5 points), abstract thinking (2 points), and 
orientation (6 points). One point was added for subjects 
with less than 12 years in education. The total score of 26 
points or above was considered normal. All patients were 
assessed by MoCA under the same conditions.

1HMRS detection of NAA/Cr and Cho/Cr
Subjects underwent magnetic resonance spectroscopy 
(MRS) on the following day after MoCA was administered. 
The MRS was performed in all patients using a 3.0-T Sigma 
CV/I MRI device (GE, USA) and a circular polarized head 
coil. All patients had T1-weighted imaging (T1WI) and 
T2-weighted imaging () in the axial, sagittal, and coronal 
planes. The hyperintense lesions with a diameter of >5mm 
were selected for both T2WI and 1HMRS. Axial magnetic 
resonance (MR) images with maximum lesions were used 
for 1HMRS positioning. A voxel of 15 × 15 ×15 mm was 
selected in the frontal lobe white matter around the anterior 
horn of the lateral ventricle as the regions of interest (ROI). 
MR spectra were acquired using point resolved echo 
spectroscopy (repetition time 2000 ms and echo time 35 
ms). The acquired data were transferred to the workstation 
and automatically processed with GE-specific software 
(Functionaltool 2000) for water suppression, Fourier 
transform, baseline correction, and phase correction. The 
areas under the metabolic peaks of Cho, Cr, and NAA were 
automatically calculated at each ROI at the same time. The 
metabolite ratios (Cho/Cr and NAA/Cr) were calculated 
based on the areas under the metabolic peaks of Cho, Cr, 
and NAA to improve the signal to noise ratio. All data were 
evaluated by a neuroradiologist blinded to the patient’s 
clinical information.

Statistical analysis
Analyses were performed using SPSS 17.0. All values were 
presented as mean and standard deviation. Categorical 
data were compared with chi-square analysis. One-way 
analysis of variance was used to compare the differences 
in the patient’s age among groups. Analysis of covariance 
was used to compare differences in the MoCA scores among 
Groups A-D adjusted for age, sex, and education level. The 
Student-Newman-Keuls test was used to adjust for multiple 
pairwise comparisons. The Pearson correlation analysis was 

Table 1: Clinical characteristics of patients with white matter ischemic lesions and controls
Groups A (n = 15) B (n = 15) C (n = 15) D (n = 15) P value
Age (years) 62.67±7.650 61.33±6.779 64.07±8.388 57.6±7.971 0.1331*
Male (%) 8 (53.33) 8 (53.33) 7 (46.67) 8 (53.33) 0.9776#

Education level (% with less 
than 12 years in education)

8 (53.33) 9 (60.00) 7 (46.67) 8 (53.33) 0.9110#

*One-way analysis of variance (ANOVA); #Chi-square test
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the total MoCA score in the Groups B and C, but not the 
Group A, was significantly decreased compared with that 
in the control group [Table 3]. However, the MoCA score in 
the memory recall was significantly lower in the Group A 
compared with that in the control group (P < 0.05), suggesting 
that the damage in the memory occurred at the early stage 
of the ischemic WML. In addition, the MoCA score in each 
tested item was significantly lower in the Groups B and C 
than that in the control group (P < 0.05). These data suggested 
that the attention and orientation were damaged at the late 
stage of the ischemic WML.

Measurement of NAA/Cr and Cho/Cr with 1HMRS
Figure 1 shows representative MRI images and 1HMRS 
images from WMIL patients and healthy controls. The white 
matter around the anterior horn of the lateral ventricle was 
selected as ROI. The NAA/Cr ratio was significantly lower 
in the Groups A, B and C compared with that in the control 
[P < 0.05, Figure 2]. The Cho/Cr ratio was significantly 
higher in the Groups A and B, but was significantly lower 
in the Group C compared with that in the control [P < 0.05, 
Figure 2]. Group C exhibited the lowest NAA/Cr and Cho/
Cr ratios [Figure 2].

We further studied the correlation of MoCA scores with the 
NAA/Cr and Cho/Cr ratios in patients with the ischemic 
WML. The NAA/Cr ratio was strongly correlated with the 
total MoCA scores (r = 0.845, P < 0.001) [Figure 3a]. The 
Cho/Cr ratio in the mild and moderate WMIL patients 
was negatively correlated (r = 0.907, P < 0.001) [Figure 3b), 
and the Cho/Cr ratio in the severe patients was positively 
correlated with the total MoCA scores (r = 0.937, P< 0.001) 
[Figure 3c].

dIscussIon

In this study, we investigated the correlation between 
cognitive impairment and NAA/Cr and Cho/Cr ratios in 
the 1HMRS in patients with ischemic WML. We found that 
the patients with more severe WML had a lower MoCA 
score, suggesting that these patients exhibited more severe 

applied to assess the relationship between MoCA score and 
the ratios of Cho/Cr and NAA/Cr. Probability values less 
than 0.05 were considered statistically significant.

Results

The MoCA in WMIL patients
The MoCA scores were normally distributed, except the 
scores in memory, languages, and abstract thinking in Groups 
A and D, and the scores in naming tasks in Groups A, B, 
and D. The total MoCA scores decreased with the increased 
severity of the WMIL. Analysis of covariance was used to 
compare differences in the MoCA scores among Groups 
A-D adjusted for age, sex, and education level. The Student-
Newman-Keuls test was used to adjust for multiple pairwise 
comparisons. We first checked the assumption of linear 
regression of the data and found that the covariates exhibited 
linear associations with the MoCA scores. We further tested 
the collinearity of the covariates (age, sex, and education 
levels) and found no covariates were multicollinear in each 
group. We also checked whether the association between 
MoCA scores and the covariates (age, sex, and education 
levels) were similar among groups. Results showed that there 
were no significant interaction between group and covariates 
in any items of the MoCA socres [Table 2], indicating that 
the assumption of homogeneity of regression slopes was 
satisfied. After adjusted by age, sex, and education levels, 

Table 2: Results of testing the assumption of 
homogeneity of regression slopes
Groups Homogeneity of regression slopes

Education vs. 
age

Sex vs. age Group vs. 
age

Visuospatial functions 0.9167 0.4144 0.5477
Naming task 0.7021 0.7929 0.8079
Memory recall 0.1511 0.1285 0.1644
Attention 0.0921 0.5665 0.5006
Language skills 0.7296 0.2808 0.1757
Abstract thinking 0.0887 0.2844 0.6426
orientation 0.1212 0.1492 0.3061
Total MoCA scores 0.1159 0.3241 0.0688
MoCA = Montreal Cognitive Assessment

Table 3: The MoCA scores in WMIL groups and control groups adjusted by age, sex, and education level
Groups A (mild WMIL) B (moderate WMIL) C (severe WMIL) D (control) P value
Visuospatial functions  4.73±0.46 3.40±0.91**  2.53±0.52***  4.73±0.46 <.0001
Naming task  3.00±0.00  2.33±0.49**  1.93±0.80***  3.00±0.00 <.0001
Memory recall  3.93±0.59*  3.20±0.78**  2.67±0.72***  4.93±0.26 <.0001
Attention  5.63±0.63  5.20±0.68**  3.20±0.94***  5.67±0.49 <.0001
Language skills  3.00±0.00  2.47±0.52**  2.13±0.52***  3.00±0.00 <.0001
Abstract thinking  2.00±0.00  1.87±0.35**  1.93±0.26***  2.33±0.49 0.0419
orientation 5.80±0.41 5.40±0.98**  4.93±0.96*** 5.87±0.35 0.0017
Total MoCA scores 28.13±1.41 23.93±2.69** 19.33±3.40*** 29.53±0.64 <.0001
Analysis of covariance was performed to compare differences among Groups A-D after adjustment for age, sex, and education level. The Student-Newman-Keuls test was used 
to adjust for multiple pairwise comparisons.*P < 0.05 Group A versus control; **P <0.05 Group B versus control; ***P < 0.05 Group C versus control. MoCA = Montreal Cognitive 
Assessment; WMIL = white matter ischemic lesion
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cognitive impairment. A reduction in the NAA/Cr ratio in 
1HMRS was found in the patients with ischemic WML as 
compared with the controls, suggesting that the NAA/Cr 
ratio in 1HMRS was a good indicator for detecting WML. 
We also found an increase in the Cho/Cr ratio in mild and 
moderate patients, and a reduction in the Cho/Cr ratio in 
the severe patients, suggesting that Cho was elevated at 
the early stage of ischemic WML, but was decreased at the 
late stage of ischemic WML when irreversible damages 
occurred in the brain so that the cells lost their ability to 
repair the damages. Furthermore, we found that the NAA/
Cr ratio was strongly correlated with the total MoCA scores, 
and that the Cho/Cr ratio in the mild and moderate WMIL 
patients was negatively correlated, and the Cho/Cr ratio in 
the severe patients was positively correlated with the total 
MoCA scores.

In this study, the frontal lobe white matter around the 
anterior horn of the lateral ventricle was selected as ROI. 

The white matter in this location mediates the subcortical 
and frontal cortical structures in the brain circuits involving 
in executive function, memory, and social behavior. It 
is known that the WML are associated with cognitive 
impairment related with the subcortical/frontal cortical 
brain systems.[8,9,12,20-22] It has been reported that damages 
to the white matter around the lateral ventricle can lead 
to cognitive impairment[21] and are associated with a high 
risk of dementia.[22] In this study, we found that the MoCA 
scores decreased with the increased severity of the WML, 
and the impairment in the cognitive domains was also 
associated with the severity of WML. Patients with mild 
WML only exhibited impairment in the memory, patients 
with moderate WML presented with cognitive impairments 
in the visuospatial executive function, language skills, and 
naming task, and patients with severe WML had cognitive 
impairments in all items tested. The cognitive impairment 
in the visuospatial executive function in patients with 
moderate and severe ischemic WML is possibly associated 
with the chronic ischemia-induced damages to the frontal 
cortical/subcortical structures that mediate the visuospatial 
executive function.[23,24] In addition, the memory impairment 
is possibly associated with the dysfunction of prefrontal 
cortex caused by ischemia-induced WMLs.[25]

NAA, a neuronal marker, is reduced due to neuronal death 
or injury.[16,17,26,27] Cho, rich in the glial cells, is elevated due 
to the gliosis and demyelination.[18,19] In this study, we found 
that the NAA/Cr ratio in 1HMRS was significantly lower, 

Figure 1: Representative magnetic resonance images (a, c, e, and g) and 
proton magnetic resonance spectroscopy images (b, d, f, and h) from control 
(a and b), and patients with mild (c and d), moderate (e and f), and severe 
(g and h) ischemic white matter lesion. A voxel of 15 × 15 × 15 mm was selected 
in the frontal lobe white matter around the anterior horn of the lateral ventricle as 
regions of interest indicated by red square (a, c, e, and g). The metabolic peaks 
of choline (Cho), creatine (Cr), and N-acetyl aspartate (NAA) are indicated by 
arrows (b, d, f, and h)

Figure 2: The N-acetyl aspartate (NAA)/ creatine (Cr) ratio and the choline (Cho)/
Cr ratio in patients with mild (Group A), moderate (Group B), and severe (Group 
C) ischemic white matter lesion, and controls (Group D). n = 15. For the Cho/Cr 
ratio,*P < 0.05 versus controls; for the NAA/Cr ratio, #P < 0.05 versus controls
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and the Cho/Cr ratio in 1HMRS was significantly higher in 
patients with mild and moderate ischemic WML than that in 
controls, suggesting that neuronal death and injury, gliosis, 
and demyelination occurred after ischemic WML. We also 
found that NAA/Cr ration was decreased with the increase 
in the severity of WML, suggesting that NAA/Cr ratio was 
a good indicator for detecting the severity of the WML. In 
addition, NAA/Cr and Cho/Cr ratios were significantly 
changed in patients with mild WML, who did not exhibit 
significantly difference in the total MoCA scores, suggesting 
that NAA/Cr and Cho/Cr ratios in 1HMRS can be used to 
early detect the WML.

In this study, we found that the NAA/Cr ratio was strongly 
correlated in WML, the Cho/Cr ratio in the mild and 
moderate WML patients was negatively correlated, and 
the Cho/Cr ratio in the severe patients was positively 
correlated with the total MoCA scores, suggesting that 
the NAA/Cr and Cho/Cr ratios in the 1HMRS were good 
indicators for cognitive impairment in patients with 
ischemic WML. Frisoni et al.,[28] have reported that only 
patients with the severe WML exhibit clinically relevant 
cognitive impairment. Patients with the WML are often 
identified when moderate or severe cognitive impairment, 
even dementia, occurs, thus missing the best opportunity 
for early diagnosis and treatment. Our study shows that the 
NAA/Cr and Cho/Cr ratios in 1HMRS can identify patients 
with mild WML, and are correlated with the cognitive 

impairment, suggesting that NAA/Cr and Cho/Cr ratios 
in 1HMRS are good indicators for early diagnosis of WML.

The limitation of the study is that the group of patients 
were small (n = 15 for each group). Despite the relative 
small numbers of subjects, the results showed significant 
differences in the MoCA score in each tested items between 
Groups B and C patients and controls, and in the MoCA 
score in memory recall between Group A patients and 
controls. In addition, we found that the NAA/Cr ratio 
and the Cho/Cr ratio in 1HMRS were correlated with the 
total MoCA scores in patients with ischemic WML. Our 
findings suggest that NAA/Cr and Cho/Cr ratios in 1HMRS 
are useful indicators for early diagnosis of ischemic WML. 
Further studies with a large sample size are clearly needed 
to confirm and extend the study.

In summary, we find that the NAA/Cr ratio and the Cho/
Cr ratio in 1HMRS are correlated with the total MoCA 
scores in patients with ischemic WML. Our results 
suggest that the NAA/Cr and Cho/Cr ratios in 1HMRS are 
useful indicators for early diagnosis of WML. 1HMRS in 
combination with MRI and MoCA will be useful in the 
detection of the severe degrees of the WML, and in the 
study of cognitive impairment in the patients with the 
ischemic WML.
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