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ABSTRACT

BACKGROUNDANDPURPOSE: Previous studies by using protonMR spectroscopy foundmetabolite abnormalities in the cerebral cortex
and white matter of patients with type 2 diabetes mellitus. The present study was undertaken to detect metabolite differences in the
lenticular nuclei and thalamus in patients with T2DM.

MATERIALSANDMETHODS: Twenty subjectswith T2DMand 22 age-matched control subjects underwent single-voxelMR spectroscopy
in the left and right lenticular nuclei and left and right thalami. NAA/Cr and Cho/Cr ratios were calculated. Brain lactic acid, fasting blood
glucose, and glycosylated hemoglobin levels were also monitored.

RESULTS: The NAA/Cr ratio was lower in the left lenticular nuclei of subjects with T2DM (P � .007), whereas the Cho/Cr ratio was
increased in both the and right lenticular nuclei (P� .001). TheNAA/Cr ratio was negatively correlatedwith FBG in the left (r� �0.573, P�

.008) and right nuclei (r � �0.564, P � .010). It was also negatively correlated to HbA1c in the left (r � �0.560, P � .010) and right (r �

�0.453, P� .045) nuclei. The Cho/Cr ratio was positively correlated with these variables (P� .05). No significant differences in NAA/Cr or
Cho/Cr ratios were observed in the thalamus of patients with T2DM. Lactic acid was not detected in any of the patients in the study.

CONCLUSIONS: The differentmetabolic statuses of the lenticular nuclei and thalamus suggest different effects of T2DM in each of these
brain nuclei, with the lenticular nuclei being more vulnerable than the thalamus. The abnormal metabolic status was observed before
lesions had appeared in these brain areas.

ABBREVIATIONS: T2DM� type 2 diabetes mellitus; DM� diabetes mellitus; FBG� fasting blood glucose; HbA1c� glycosylated hemoglobin

Proton MR spectroscopy can be used to determine the reso-

nance peaks of many kinds of brain metabolites and neu-

rotransmitters but is most often used to monitor NAA, Cho, Cr, and

lactic acid.1 NAA is a marker for neurons and axons, reflecting the

number and functional status of neurons.2 Cho, mainly distributed

in the glial cells, is involved in cell membrane composition and my-

elin formation. Cr is associated with energy metabolism.2

Type 2 diabetes mellitus is an extremely prevalent metabolic disease,

which is associated with a variety of acute and chronic complications.

Previous works have shown that DM causes metabolic changes in the

brain, especially in the cerebral cortex and white matter.3-5

Most studies suggest that diabetes affects either the number or the

function of central neurons, which is mirrored by a reduction in

NAA levels and a lower NAA/Cr ratio.4-6 Studies investigating the

effects of diabetes on Cho metabolism have produced inconsistent

results. Studies by Kreis and Ross5 and Biessels et al6 reported no

difference in Cho/Cr ratios in diabetic rats or in brain tissue from

patients with diabetes. However, Sahin et al7 found evidence of a

lower Cho/Cr ratio in the parietal and frontal lobe white matter in

patients with T2DM, which was inversely related to HbA1c levels.

Other works demonstrated an increase in the Cho/Cr ratio in the left

occipital lobe gray matter of patients with T2DM but found no sig-

nificant difference in the Cho/Cr ratio between patients and controls

in the bilateral frontal and left parietal lobe white matter.8
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While many studies have investigated the effects of diabetes in

the brain cortex, few have investigated its effect in specific brain

nuclei such as the lenticular nuclei and thalamus. Previous studies

report that motor defects such as hemichorea may occur in pa-

tients with diabetes with lesions in the striatum. MR imaging in-

dicated that this may be caused by lesions in the lenticular nuclei

and was evidenced by lower NAA/Cr ratios and increased Cho/Cr

in these patients.9,10 On the basis of these findings, it may be

speculated that T2DM might result in metabolic abnormalities in

the basal ganglia, even in the absence of visible lesions in those

areas.

In the present study, we used 1H-MR spectroscopy to observe

whether the metabolism within the lenticular nuclei and thalamus

was altered in patients with T2DM and to explore the impact of

T2DM on brain nuclei.

MATERIALS AND METHODS
Study Design
Subjects were selected for the study from the Department of Neu-

rology, Second Affiliated Hospital of Dalian Medical University,

between March 2011 and December 2011. The subjects included

20 patients (7 men and 13 women) with T2DM (age range, 51– 85

years) and 22 control subjects (9 men and 13 women) between 52

and 80 years of age.

Patients with T2DM met the 1999 World Health Organization

diagnostic criteria for diabetes11 and were using oral medication

or insulin to control blood glucose. The duration of T2DM

ranged from 1 month to 30 years. Those who came to the hospital

during the same time but without DM were selected as control

subjects. All of the subjects enrolled in the study were right-

handed. None of the subjects had coexisting systemic diseases,

head trauma, cognitive dysfunction, thyroid dysfunction, alcohol

dependence, hemichorea, infectious diseases of the central ner-

vous system, or epilepsy. Those with impaired glucose tolerance

or impaired fasting glucose regulation were excluded from the

study. None of the subjects had a history of hypoglycemia.

Institutional ethics approval was obtained from the Second

Affiliated Hospital of Dalian Medical University. All study sub-

jects provided informed consent before entering the study.

Measurement of Brain Metabolites
Studies were performed on a 1.5T Signa MR imaging system (GE

Healthcare, Milwaukee, Wisconsin). Conventional axial, sagittal,

and coronal spin-echo scans and axial fast spin-echo scans, in-

cluding T1- and T2-weighted images, were obtained before spec-

troscopy to rule out any lesions or structural abnormalities. T2-

weighted imaging was performed by using the following

parameters: TR/TE, 4300/105.3 ms; k-space matrix, 320 � 256;

FOV, 24 � 24 cm; section thickness, 6 mm; space, 1 mm. The axial

section showing the most anterior extent of the anterior margin of

the genu of the corpus callosum was chosen as the reference image

on which to center the voxels for both locations.12

Single-voxel spectroscopy was performed on all subjects with a

circularly polarized head coil by using a point-resolved spectros-

copy sequence (TR/TE, 1000/144 ms) with 128 averages. Due to

the less complex spectra and increased reproducibility of the mea-

surements, the long-TE point-resolved spectroscopy sequence

was chosen as the primary pulse sequence. Voxels were placed in

the bilateral lenticular nuclei (10 � 10 � 10 mm) and thalamus

(10 � 10 � 10 mm), respectively, avoiding the CSF of the lateral

ventricles, sulci, and cistern. Voxel-based shimming was per-

formed to optimize field homogeneity before acquiring the spec-

tra. Water suppression was performed by applying a chemical

shift selective saturation-pulse technique provided by the vendor.

Postprocessing of the spectral data was performed by using ven-

dor-provided software (FuncTool 2, GE Healthcare).

The integral values of the metabolite peaks of NAA, Cho, and

Cr were observed at 2.12, 3.29 and 3.11 ppm, respectively. Metab-

olites ratios were obtained for NAA/Cr and Cho/Cr.

Fasting blood glucose and glycosylated hemoglobin levels

were monitored in all subjects.

Statistical Analysis
Statistical analyses were performed by using the Statistical Pack-

age for the Social Sciences, Version 16.0 for Windows (SPSS, Chi-

cago, Illinois). Data were presented as means and SDs. The Sha-

piro-Wilk test was used for the normality of all continuous

variables. An independent t test was used for comparison of the

metabolite ratios between the T2DM group and the controls, and

the Mann-Whitney U test was used to assess the differences of

FBG and HbA1c between the 2 groups. Categoric data were com-

pared by using analysis of variance. Correlations were estimated

by using Spearman rank correlation coefficients. P � .05 was con-

sidered statistically significant.

RESULTS
Figures 1 and 2 show the regions of interest in the right lenticular

nucleus and thalamus together with corresponding MR spectra

for Cho, Cr, and NAA.

FBG in patients with T2DM was in the range of 5.85–15.96

mmol/L, and in the control group, it ranged from 5.05 to 5.90

mmol/L (P � .000). The HbA1c was also statistically significantly

higher in the T2DM group (5.8%–14.3%) than in the control

group (4.4%–5.6%, P � .000). There was no significant difference

in the occurrence of high blood pressure between the 2 groups

(85% versus 77.3%).

Metabolite ratios for the right and left lenticular nuclei and

thalamus are shown in Table 1. The NAA/Cr ratio in the left len-

ticular nuclei was significantly lower in the patients with T2DM

than in healthy control subjects (P � .007), but no significant

difference in this ratio was found between patients and controls in

the right lenticular nuclei (P � .071).

The Cho/Cr ratios in the left and right lenticular nuclei were

both significantly higher in patients with T2DM than in controls

(P � .001 for both sides). No statistically significant difference in

NAA/Cr or Cho/Cr ratios between patients with T2DM and con-

trols was found in the bilateral thalami.

In both patients and controls, metabolite ratios in the left

brain nuclei and thalamus were not statistically significantly dif-

ferent from those on the right side of the brain. Lactic acid was not

observed in the nuclei of any of the patients.

HbA1c and FBG were negatively correlated with NAA/Cr ra-
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tios in the left and right lenticular nuclei of patients in the T2DM

group (Table 2). There was also a positive correlation between the

Cho/Cr ratio and HbA1c and FBG in the T2DM group. Figure 3

shows the significant correlations be-

tween the metabolite ratios in the left

lenticular nucleus and FBG as well as

HbA1c.

DISCUSSION
Diabetes mellitus is a metabolic disorder

with alterations of carbohydrate metabo-

lism and biochemical metabolism of the

brain.3 Our findings show lower levels of

NAA/Cr in the left lenticular nucleus and

increased Cho/Cr levels in both the left

and right lenticula of subjects with T2DM.

Both FBG and HbA1c were negatively cor-

related with the NAA/Cr ratio in the left

nuclei as well as the right, while the

Cho/Cr ratio was positively correlated. No

significant differences in NAA/Cr or

Cho/Cr ratios were observed in the thala-

mus of patients with T2DM.

Lower NAA/Cr levels observed in the

left lenticular nucleus of patients with

T2DM suggest that the number or the

functional state of the neuron in the len-

ticular nucleus was affected by diabetes.

This was consistent with previous studies

reporting that diabetes could affect the

neuronal function, resulting lower NAA

or NAA/Cr ratios in some regions of the

brain.4,5

The increased Cho/Cr ratios in the

lenticular nuclei may have been related

to �1 of the following reasons: First,

long-term high blood glucose levels

could cause blood viscosity to increase

and then disturb the macro- and micro-

vascular function and structure, which

might result in vessel dysfunction and ce-

rebral arteriosclerosis.13,14 The abnormal

vascular function might further contrib-

ute to hypoperfusion, ischemia, and hyp-

oxia. Energy depletion caused by ischemia

would increase the Cho concentration by

reducing the synthesis and enhancing the

hydrolysis of acetylcholine.15,16

Second, choline is a mixture of molec-

ular sources predominantly found in cell

membranes.17 Therefore, a second expla-

nation for the increased Cho levels is that

hypoxia resulting from local hypoperfu-

sion may cause a breakdown of myelin

and decomposition or hydrolysis of cell

membranes.9

Finally, increased Cho in T2DM

may be a result of reactive glial proliferation, which may occur

as a secondary response to neuronal dysfunction in the pres-

ence of relative tissue hypoxia.18

FIG 1. A and C, Regions of interest used for 1H-MR spectroscopy in a patient with T2DM (female,
57 years of age) and a control subject (female, 58 years of age). B, Spectrum of the patient with
T2DM obtained from the left lenticular nucleus. D, Spectrum of the control subject obtained
from the left lenticular nucleus.

FIG 2. A and C, Region of interest in the left thalamus used for 1H-MR spectroscopy in the same
patients in Fig 1 with T2DM and control subject. B and D, Spectra of the patient with T2DM is
above and the control subject is below.
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Despite the metabolic changes observed in the lenticular nu-

clei, we were unable to demonstrate any significant differences in

Cho/Cr ratios in the thalamus, suggesting that dysfunction of cel-

lularmembrane metabolites or abnormalities of neuronal energy

metabolites do not occur in this part of the brain.

In the study of Tiehuis et al,19 HbA1c was found to have no

significant effect on the metabolite ratios in the corona radiata.

We did, however, find that the NAA/Cr ratio in the lenticular

nuclei of patients with T2DM was negatively related to FBG and

HbA1c, while Cho/Cr was positively related to these 2 variables.

These findings are partly supported by previously published re-

sults that suggested that neuronal damage was more serious in

patients with diabetes with poor glyce-

mic control than in well-controlled pa-

tients.7 It is thought that chronic high

blood glucose levels alter neuron metab-

olism, protein synthesis, and expression,

as well as the apoptosis of a gene that may

accelerate neuronal degeneration.20 The

positive association between Cho/Cr and

FBG and HbA1c also suggests that the

Cho levels may be increased under con-

ditions of high blood glucose and hyp-

oxia, resulting from the sequence of

events described above.

Our finding that differences of me-

tabolites were observed only in the len-

ticular nucleus but not in the thalamus

suggests that the lenticular nucleus

might be more vulnerable than the

thalamus because of differences in vas-

cular anatomy. The lenticular nuclei

are supplied by the penetrating arteries

called lenticulostriate arteries, which

originate from the middle cerebral ar-

teries. These are penetrating end arter-

ies that lack collaterals. This pattern of

vascular anatomy may make the lentic-

ular nuclei particularly sensitive to the

changes of blood flow and more sus-

ceptible to metabolic change. The thal-

amus is supplied by a more robust ar-

terial network that includes the

posterior perforating arteries (the tu-

berthalamic artery, thalamogeniculate

artery, and anterior choroidal artery)

as well as the medial and lateral poste-

rior choroidal arteries. The collateral

circulation of the thalamus is also

abundant. Blood supply to the thala-

mus is mainly from the posterior cere-

bral cycle. The thalamus is also partly

supplied by the anterior cerebral cycle,

because the anterior choroidal artery,

which is involved in the blood supply

of subthalamus, also arises from the

middle cerebral artery. The specialized

blood supply to the thalamus might make it less sensitive to

changes in blood flow, and consequently, its tolerance to isch-

emia is better than that of the lenticular nucleus.

Lactate resulting from the mismatch between glycolysis and

oxygen supply is a product of anaerobic metabolism, and it is a

hallmark for the detection of cerebral ischemia.21 However, none

of the patients with T2DM in our study had lactic acid detected.

We speculated that this was because ischemia resulting from

T2DM was not enough to cause anaerobic metabolism. However,

this speculation needs to be proved by further study.

Our finding that significant differences in NAA/Cr ratios be-

tween patients and controls were only present in the left lenticular

FIG 3. Significant correlations for the lenticular nucleus (left side) betweenmetabolite ratios and
FBG as well as HbA1c. A and B, Correlations between FBG and NAA/Cr and Cho/Cr. C and D,
Correlations between HbA1c and NAA/Cr and Cho/Cr.

Table 1: NAA/Cr and Cho/Cr ratios (mean� SD) in the lenticular nuclei and thalamus of
control subjects and patients with T2DM

Left Right

Controls (n = 22) T2DM (n = 20) Pa Controls (n = 22) T2DM (n = 20) Pb

Lenticular nuclei
NAA/Cr 1.61� 0.19 1.41� 0.26 .007 1.57� 0.20 1.45� 0.24 .071
Cho/Cr 0.99� 0.19 1.23� 0.24 .001 0.98� 0.16 1.18� 0.20 .001

Thalamus
NAA/Cr 1.70� 0.16 1.64� 0.16 .222 1.72� 0.15 1.65� 0.18 .221
Cho/Cr 1.13� 0.15 1.17� 0.16 .479 1.15� 0.15 1.21� 0.16 .236

a Comparison of metabolite ratios in the left nuclei between patients and controls.
b Comparison of metabolite ratios in the right nuclei between patients and controls.

Table 2: Spearman rank correlations between lenticular nuclei metabolite ratios and FBG
and HbA1c in patients with T2DM

Left Right

NAA/Cr Cho/Cr NAA/Cr Cho/Cr

r P Value r P Value r P Value r P Value
FBG (mmol/L) �0.573 .008 0.735 .000 �0.564 .010 0.608 .004
HbA1c (%) �0.560 .010 0.838 .000 �0.453 .045 0.619 .004

AJNR Am J Neuroradiol 34:1692–96 Sep 2013 www.ajnr.org 1695



nucleus suggests that the metabolic changes of the left lenticular

nucleus play a more important role in T2DM. It is probable that

the left hemisphere is more vulnerable than the right because of a

“dominant hemisphere” effect. All subjects in the study were

right-handed, which might explain why metabolite changes were

more obvious in the left hemisphere. We speculated that the dom-

inant hemisphere is more likely to be in the state of energy short-

age because its energy requirements might be higher. Under hy-

poxic conditions, this would make this hemisphere more

susceptible to nerve tissue damage, metabolic abnormalities, and

dysfunction.

CONCLUSIONS
1H-MR spectroscopy contributed to the early detection of brain

damage. The abnormal metabolic status was observed in the brain

areas that appeared with normal structure in MR imaging. Differ-

ent metabolic statuses of the lenticular nuclei and thalamus were

observed, suggesting different effects of T2DM in each of these

brain nuclei, with the lenticula being more vulnerable than the

thalamus. However, we could not show now whether the perfu-

sion of these 2 areas was different. Further study is needed to

verify the perfusion state of both areas.
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