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Background: Chronic pain is a common cause of reduced quality of life. Recent studies suggest
that chronic pain patients have a different brain neurometabolic status to healthy people. Proton
magnetic resonance spectroscopy (‘H-MRS) can determine the concentrations of metabolites
in a specific region of the brain without being invasive.

Patients and methods: We recruited 56 chronic pain patients and 60 healthy controls to
compare brain metabolic characteristics. The concentrations of glutamic acid (Glu), myo-inositol
(Ins), N-acetylaspartate (NAA), Glu + glutamine (Glx), and creatine + phosphocreatine (total
creatine [tCr]) in the anterior cingulate cortex of participants were measured using 'H-MRS.
We used age- and gender-adjusted general linear models and receiver-operating characteristic
analyses for this investigation. Patients were also assessed using the Hospital Anxiety and
Depression Scale (HADS) to reveal the existence of any mental health issues.

Results: Our analysis indicates that pain patients have statistically significantly higher levels of Glu/
tCr (p=0.039) and GIx/tCr (p<0.001) and lower levels of NAA/tCr than controls, although this did
not reach statistical significance (p=0.052). Receiver-operating characteristic analysis performed on
the combination of GIx/tCr, Ins/tCr, and NAA/tCr effectively discriminated chronic pain patients
from healthy controls. Patients with higher HADS-Depression scores had increased Glx/rCr levels
(p=0.015), and those with higher HADS-Anxiety scores had increased NAA/tCr levels (p=0.018).
Conclusion: Chronic pain patients have a different metabolite status in the anterior cingulate
cortex to controls. Within the pain patient group, HADS scores had a positive relationship with
NAA/tCr and GIx/tCr levels. 'H-MRS successfully detected metabolic changes in patients’ brains
in a noninvasive manner, revealing its potential as a superior diagnostic tool for pain patients.
Keywords: chronic pain, magnetic resonance spectroscopy, glutamic acid, myo-inositol,
N-acetylaspartate, creatine

Introduction

Chronic pain is a common cause of reduced quality of life.'? There are many therapies
available for patients with chronic pain, but these are not always effective.’ Neuropa-
thy is one of the major causes of chronic pain,* with the pain often continuing for a
long time despite the recovery from the original injury or inflammation due to nerve
degeneration.’ There has been an increase in the numbers of neuropathic pain patients,
particularly in the elderly.® Chronic pain has become not only an individual burden
but also a serious social problem owing to increasing medical care expenses and the
deterioration of quality of life.?
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Health professionals now believe that the treatment of
pain requires attention to psychological issues, as they have
a causal influence on pain.! Some studies indicate that pain
signals and psychological information are integrated in the
anterior cingulate cortex (ACC).”® Other studies indicate that
chronic pain patients have a different brain neurometabolic
status to healthy persons."” Computed tomography or mag-
netic resonance imaging (MRI) cannot detect such differences.
Positron emission tomography can detect metabolic activity in
brain but requires the invasive injection of a radioactive tracer.
However, proton magnetic resonance spectroscopy (‘H-MRS)
can evaluate the concentration of metabolites in specific brain
regions without being invasive.'® While past MRS studies have
reported several findings associated with pain syndromes,
more research is required before we can conclude that MRS
has diagnostic value.” Moreover, the study about relationship
between pain and mood disorder is scarce, especially in Asia.

In this study, we conducted a cross-sectional study to
evaluate the level of metabolites in the ACC of chronic pain
patients and healthy controls using 'H-MRS. Our primary
objective was to compare the metabolic status of chronic
pain patients and controls. The secondary objective was to
study the relationship between metabolites and the ratings of
depression and anxiety in chronic pain patients.

Materials and methods
Study design

This study was a cross-sectional study conducted at the Shiga
University of Medical Science Hospital in Otsu, Japan. Cases
with an element of chronic pain were recruited from patients
of the Interdisciplinary Pain Treatment Center in the hospital
from June 2012 to May 2016. Healthy controls without any
persistent pain, current disease, or medical history of brain
impairment were recruited from hospital staff and their
relatives, and students. The study protocol was approved by
the Ethics Committee at the Shiga University of Medical
Science. All participants provided signed informed consent
forms when joining this study.

Chronic pain was assessed by a pain physician at the
Interdisciplinary Pain Treatment Center. In this study, the
criteria for neuropathic pain included chronic pain caused by
neurological damage (narrowing of the spinal canal, trigemi-
nal neuralgia, intercostal neuralgia, postoperative neuropathy,
radiculopathy, plexus injury, peripheral neuro injury, reflex
sympathetic dystrophy, and diabetic neuropathy). The other
cases of chronic pain that were not considered neuropathic
pain were fibromyalgia, cephalalgia, somatoform disorder,
and unidentified general or partial pain. All patients had
been treated at another hospital before, but did not show any

improvement of their pain symptoms, so then started multimo-
dality therapy at the Interdisciplinary Pain Treatment Center.

Magnetic resonance spectroscopy

All MRI scans were performed at the Shiga University of
Medical Science. A 3-tesla (3T)-MRI equipped device for
MRS (Signa Horizon NL; General Electric Co., Milwau-
kee, WI, USA) was used. By referring to a T1-weighted
image, the voxel region (2x2x4 cm cuboid) for measuring
the proton metabolite data was set in the ACC area as the
volume of interest (VOI; Figure 1A). The conditions of this
MRS examination were: echo time (TE), 30 ms; repetition
time (TR), 2,000 ms; and number of averages (NS), 96. We
ascertained the absolute concentration of each metabolite
using LCModel analytic software'' (Figure 1B).

Measurements

We measured the concentration of glutamic acid (Glu), myo-
inositol (Ins), N-acetylaspartate (NAA), Glu + glutamine
(GlIn) (GIx), and creatine + phosphocreatine (tCr) in the ACC.
Metabolite levels are currently often expressed as ratios, as
these are more capable of detecting changes in metabolites,
and thus are more accurate than absolute concentrations.!?
Therefore, we used the ratios of metabolite concentration
divided by tCr concentration in this study.

Gender and age data were collected from all participants.
Details of the disease duration, site of pain, presence or absence
of neuropathic pain, and treatment were collected from chronic
pain patients. The patients completed the HADS to enable
analysis of their emotional status living with chronic pain.!?

Statistical analysis
The baseline characteristics of cases and controls were
described. Median values with interquartile ranges and per-
centages were used to describe age, gender, and patients’ char-
acteristics including duration of disease, site of pain, presence
or absence of neuropathic pain, treatment, and medication.
Linear regression models adjusted for age and gender
were used to compare the mean metabolite levels (Glu/tCr,
GIx/tCr, Ins/tCr, and NAA/tCr) between chronic pain patients
and controls. The differences in means between chronic pain
patients and controls were estimated after adjustment for age
and gender, and p-values were assessed with respect to the
four defined metabolites. To evaluate the heterogeneity of the
types of chronic pain, we also conducted a subgroup analysis,
stratified by neuropathic pain and back pain. Consistency in
the levels of each metabolite between subgroups defined by
the presence of neuropathic pain and the site of the pain was
evaluated by adding interaction terms to the statistical models.
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Figure | (A) The blue rectangle shows the location of a single voxel in the anterior cingulate cortex. (B) Representative proton magnetic resonance spectroscopy spectrum

from the anterior cingulate cortex fit with LCModel.

Abbreviations: Ins, myo-inositol; Cho, choline; tCr, creatine + phosphocreatine; Glx, glutamic acid + glutamine; NAA, N—acetylaspartate.

Multivariable logistic regression models were used to
estimate the odds ratio (OR) of continuous metabolite levels
comparing chronic pain patients with controls. The metabo-
lite levels were divided by 10, and the ORs were interpreted
as a decreased or increased risk per change of 0.1 unit for all
metabolites. We also conducted receiver-operating character-
istic (ROC) analysis and estimated the C-index to evaluate the
discrimination performance of each metabolite. The model
that best discriminates chronic pain patients from healthy
controls has a higher C-index value. Statistical hypothesis
testing was also conducted to evaluate the difference between
the C-index of each model and the base model, which only
includes age and gender.

To evaluate the relationship between patient-oriented
scores, such as psychophysical measures, and metabolite
levels in chronic pain patients, multiple linear regression
analysis, which includes patients’ scores from HADS-Anxiety
or HADS-Depression for responsible variables, and age and

gender as adjustment variables, was performed. To assess
risk factors, we divided the chronic pain patients into three
groups by tertiles of metabolite levels and compared the group
means. The tertiles were as follows: Glu/tCr: <1.32,1.32—-1.47,
>1.47; Glx/tCr: <1.83, 1.83-2.10, >2.10; Ins/tCr: <0.84,
0.84-0.91,>0.91; and NAA/tCr: <1.14, 1.14-1.25,>1.25. We
then compared the differences in HADS scores between the
three groups. The adjusted mean of patients’ score levels in
the three groups were estimated and the differences between
groups evaluated using Dunnett’s test, which compared the
lowest tertile group to the other two groups and the trend test,
which evaluate the trend tendency of four groups.

All statistical analyses were conducted using SAS 9.4
software (SAS Institute, Cary, NC, USA).

Results
Fifty-six chronic pain patients and 60 normal healthy sub-
jects, all of whom were Japanese, participated in this study.
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Table 1 shows the baseline characteristics of participants. In
the chronic pain and control groups, the median ages were 58
and 40 years, respectively, and the percentages of men were
32.1% and 36.7%, respectively. In the chronic pain patient
group, the median chronic pain duration was 36.5 months,
and 68.6% suffered from neuropathic pain, while 53.6%
presented with back pain.

The means and standard deviations (SDs) of the neuro-
metabolic levels for chronic pain patients and controls as
well as the results from linear regression models comparing
the metabolite levels between the two populations are shown
in Table 2. The average (SD) signal-to-noise ratio (S/N) of
the spectra was 29.3 (9.3), and the average full width at half
maximum was 0.041 (0.990) ppm. To check the stability
of tCr level between subgroups, we conducted Student’s
t-test to compare each mean tCr divided by the presence of
neuropathic pain or site of pain. There were no significant
differences of mean tCr between subgroups (presence of
neuropathic pain or not [p=0.833], back pain or the other
pain [p=0.703]). Compared with the control group, the mean
Glu/tCr and GIx/tCr was higher in the patient group (adjusted
mean difference [95% confidence intervals {ClIs}]; Glu/tCr
0.063 [0.003, 0.123], p=0.039; GIx/tCr 0.206 [0.104, 0.308],
p<0.001). The mean NAA/tCr was lower in the patient group
compared with the control group (adjusted mean difference
[95% CI]; —0.042 [—0.084, 0.000], p=0.052). The difference

Table | Baseline characteristics of the study participants

Chronic pain Controls,
patients, N=56 N=60
Age (years) 58 (45-67) 40 (28-48)
Gender (%)
Male 32.1 36.7
Female 67.9 63.3

Duration of disease 36.5 (13.5-74.5) -

(months)

Treatment for pain (%)
No treatment 8.90 -
Only NSAIDs 21.40 -
NSAIDs and other pain drugs 57.10 -
Nerve block and others 12.50 -

Presence of neuropathic pain (%)

Yes 78.6 -

No 21.4 -
Site of pain (%)

Back 53.6 -

Otbher site 46.4 -

Questionnaire (pain patients only)
HADS-Anxiety 9 (7-12) -
HADS-Depression 10 (5-12) -
Note: All data are reported as medians with IQR or percentages.

Abbreviations: HADS, Hospital Anxiety and Depression Scale; IQR, interquartile
range; NSAIDs, non-steroidal anti-inflammatory drugs.

Table 2 Comparison of neurometabolite levels in the ACC
between chronic pain patients and controls

Pain Controls, Adjusted mean  p-value
patients, N=60 difference
N=56 (95% CI)
Glu/tCr  1.425 (0.155) 1.400 (0.128) 0.063 0.039
(0.003, 0.123)
GIx/tCr  2.021 (0.290) 1.857 (0.180) 0.206 <0.001
(0.104, 0.308)
Ins/tCr 0.887 (0.104) 0.900 (0.086) -0.018 0.381
(-0.059, 0.023)
NAA/tCr  1.207 (0.100) 1.273 (0.099) —0.042 0.052

(~0.084, 0.000)

Notes: All data were summarized as mean (SDs). Adjusted mean differences and
p-values were calculated using linear regression models including gender and age as
adjustment variables.

Abbreviations: Cl, confidence interval; Glu, glutamic acid; Glx, glutamic acid +
glutamine; Ins, myo-inositol; NAA, N-acetylaspartate; SD, standard deviation; tCr,
creatine + phosphocreatine.

in Ins/tCr was not significant (p=0.381). In subgroup analysis,
there was no heterogeneity between subgroup defined by
the presence of neuropathic pain and the site of the pain (all
p-values for heterogeneity >0.10).

After adjusting for age and gender, there was a signifi-
cantly increased association of chronic pain and Glu/tCr and
GIx/tCr levels (Table 3). Conversely, there was the tendency
of a decreased association for NAA/tCr. The ROC analysis
revealed that a combination of NAA/tCr, GIx/tCr, and Ins/tCr
had a higher C-index than the combination of NAA/tCr, Glu/
tCr, and Ins/tCr. Compared with the models including a single
metabolite (Glu/tCr, for Model 1; GIx/tCr, for Model 2; Ins/tCr,
for Model 3; NAA/Cr, for Model 4), the models including three
metabolites (Glu/tCr, Ins/tCr, and NA A/tCr, for Models 5; GIx/
tCr, Ins/tCr, and NAA/tCr, for Model 6) had the higher C-index.

Figure 2 shows the results of general linear models analy-
sis, adjusted by age and gender, to evaluate the association
between HADS score and metabolite levels in chronic pain
patients only. The mean HADS-Anxiety score in the highest
NAA/MCr group was significantly higher than in the lowest
NAA/tCr group (p=0.019), and there was a positive relation-
ship between HADS-Anxiety score and the ordinal categori-
cal groups of NAA/tCr (p-value of trend test; p=0.018). The
mean HADS-Depression score in the highest GIx/tCr group
was significantly higher than in the lowest GIx/tCr group
(p=0.018), and there was a positive relationship between
HADS-Depression score and the ordinal categorical groups
of GIx/tCr (p-value of trend test; 0.015).

Discussion
This cross-sectional study was carried out to evaluate the
differences in brain metabolic levels between 56 chronic
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Table 3 Results from gender- and age-adjusted logistic regression
to evaluate the discrimination performance of metabolite levels

Model® Odds ratio (OR) per ROC analysis
0.1-unit metabolite
level®
OR (95% ClI) p-value C-index p-value©
Model |  Glu/tCr 1.415(1.024, 0.036 0812 0.364
1.955)
Model 2 GIx/tCr 1.463 (1.182,  0.001 0.847 0.060
1.811)
Model 3 Ins/tCr 0.821 (0.524, 0.391 0.796 0.957
1.288)
Model 4 NAA/tCr 0.651 (0413, 0.066 0.809 0.454
1.028)
Model 5 Glu/tCr 1.597 (1.098, 0.014 0.843 0.058
2.324)
NAA/tCr 0.605 (0.374,  0.040
0.978)
Ins/tCr 0.805 (0.497, 0378
1.304)
Model 6 GIx/tCr 1.600 (1.253,  0.001 0.866 0.020
2.044)
NAA/tCr 0.583 (0.348, 0.040
0.976)
Ins/tCr 0.690 (0.910, 0.186
1.020)

Notes: *All models include age and gender as adjusted variables. In addition to age and
gender, Models 14 include a single metabolite level and Models 5 and 6 include three
metabolite levels. "Logistic regression models estimate the odds ratios per unit for each
metabolite. “Statistical hypothesis test was conducted to evaluate the difference between
C-indexes of each model and the base model, which only includes age and gender.
Abbreviations: Glu, glutamic acid; Glx, glutamic acid + glutamine; Ins, myo-inositol;
NAA, N-acetylaspartate; ROC, receiver-operating characteristic; tCr, creatine +
phosphocreatine.

pain patients and 60 controls. There has been little research
into the roles of neurometabolites in pain patients, and less
has been done in Asia than in the United States and Europe.
This study of the relationship between neurometabolites and
chronic pain is one of the few that have occurred in Asia.
However, to further these results, more studies with larger
samples and other psychological evaluations are needed.
The comparisons between the chronic pain patients and
controls showed significantly higher Glu/tCr and GIx/tCr levels
in the chronic pain patients. Similarly, NAA/tCr was lower in
the chronic pain patients compared with controls although
this did not reach statistical significance.'* These results are
similar to those of previous studies.”'>"'® It is thought that the
elevation of Glu and GlIn is caused by accentuation of the Glu/
Gln cycle in response to pain.'* Also, astrocyte activation by
chronic pain could reduce Glu reuptake.'*!* A previous report
suggested that the excess of Glu neurotransmission could lead
to neuronal damage, and that could then decrease NAA in
chronic pain patients." Ins is thought of as a glial marker and
elevated levels caused by chronic pain have frequently been
reported.” Conversely, there has been a report indicating no

difference in brain Ins levels in pain patients and controls.'
Our study indicates that Ins/tCr is statistically unrelated to a
person being a pain patient. The discrepancies between these
findings may be attributable to differences in the study designs,
the characteristics of the participants, the species investigated,
the magnetic field strength, and the underlying cause of pain.

A previous study attributed the modulation of emotional
responses to the ACC.% Consequently, changes in metabolites
in the ACC may have effects on psychological measurement
values. In our study, there was a significant positive correlation
between HADS-Depression and G1x/tCr, and HADS-Anxiety
and NAA/tCr in the chronic pain patients. The nature of the
interaction between depression, anxiety, and metabolites has
no established theory yet, although numerous studies have
published related findings.!”?!>* We believe that our findings
here may contribute to elucidating that mechanism.

As pain is an essentially subjective experience, technol-
ogy like MRS is useful for providing objective information.
The use of MRS for diagnosis is anticipated.”>* Here, we
have shown that the ability to separate healthy controls and
pain patients was improved by the multiple ROC approach.
Combining the information of the three metabolites, Glx/
tCr, Ins/tCr, and NAA/tCr, was superior to using each value
alone. There are no similar reports describing this approach
to pain patients that we know of.

This study was cross-sectional, so we cannot determine if
the pain precedes the change of metabolites or not. However,
previous research has indicated that metabolites in the brain
could be a target for pain treatment.>* MRS may be useful for
measuring the effectiveness of treatment in the near future.
Therefore, metabolite data gathering as in this study are
even more important in order to choose the best treatment
for pain patients.

Recently, the magnetic field used in 'H-MRS has shifted
from 1.5 T magnetic field to 3 T for a better S/N ratio in 3 T.
According to previous research, the S/N ratio does not increase
substantially above 3 T.*! A former Japanese report investigat-
ing the relationship between chronic pain and metabolites was
conducted using 1.5 T MRS.!® Our MRS data were measured in
3 T, making it more sensitive than the previous 1.5 T MRS data.

This study has several limitations. We did not evaluate
a change in the metabolites in any brain region other than
the ACC. It is possible that changes in metabolite levels in
other brain regions might affect the patient’s perception and
mental status. We could not adjust for the influence of medical
treatment because the variety of treatments in each patient
was very complicated. Similarly, we did not use disease
duration as an adjustment variable, which may also affect the
results of this study. It is also possible that due to differences
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Figure 2 Relationship between HADS-Anxiety and -Depression scores and neurometabolite levels.

Notes: Age- and gender-adjusted mean values (closed square) and 95% confidence intervals (error bar) were described by the tertiles of metabolite levels. T, T2, and T3
show the group of metabolite levels divided by 33.3 and 66.7 percentiles. p-values that are calculated by the Dunnett’s test and trend test are also shown.

Abbreviations: Glu, glutamic acid; GlIx, glutamic acid + glutamine; HADS, Hospital Anxiety and Depression Scale; Ins, myo-inositol; NAA, N-acetylaspartate; tCr, creatine

+ phosphocreatine.

in individual brain sizes, VOI settings may not have been
precise, but that could be normalized using the tCr ratio.

Conclusion

Our results revealed that in chronic pain patients, the mean
levels of Glu/tCr and Glx/tCr are higher, but lower for NAA/
tCr, compared with healthy controls.

ROC analysis suggests that the models including several
metabolic levels with a higher C-index more easily discrimi-
nate chronic pain patients from healthy controls. We also found
a positive correlation between HADS-Depression and Glx/

tCr, and HADS-Anxiety and NAA/tCr. MRS is a noninvasive
measurement device for metabolites in the brain and could be
useful for determining the best treatments for pain patients.
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