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Purpose: This study aimed to investigate the mechanism of working memory (WM)
impairment in drug-naive obsessive-compulsive disorder (OCD) by using neuropsychologi-
cal tests and proton magnetic resonance spectroscopy (‘H-MRS).

Patients and Methods: A total of 55 patients with drug-naive OCD and 55 healthy
controls (HCs) were recruited for this study. The working memory (WM) was evaluated
using the digit span test (DST), visual space memory test (VSMT), and the 2-back task and
stroop color word test (SCWT). The bilateral metabolite levels of the prefrontal cortex (PFC)
were evaluated by 1H-MRS, then determined the ratios of N-acetyl aspartate (NAA), cho-
line-containing compounds (Cho), and myo-inositol (MI) to creatine (Cr). The independent
sample #-test was used to analyse the differences in WM performance and neurometabolite
ratios. Multivariate linear regression analysis was performed to screen the influential factors
of WM, with an introduction level of 0.05 and a rejection level of 0.10.

Results: 1) Patients with OCD performed significantly worse on DST (score), VSMT
(score), 2-back task (accuracy rate), SCWT (execution time) when compared with HCs. 2)
NAA/Cr and Cho/Cr in the left PFC (IPFC) and MI/Cr ratios in the bilateral PFC of OCD
patients were significantly lower when compared to HCs. 3) For OCD patients, the NAA/Cr
ratio in the IPFC was negatively correlated with the score of DST (forwards), the Cho/Cr
ratio in the IPFC was positively correlated with the accuracy rate of 2-back task, and the MI/
Cr ratio in the right PFC (rPFC) was positively correlated with the score of DST (forwards)
and the accuracy rate of VSMT. We also found that the compulsive symptoms showed
a positive correlation with MI/Cr ratio of the rPFC.

Conclusion: Drug-naive OCD patients have demonstrated WM impairments, including
phonological loop, visual-spatial sketchpad and central executive system, and the WM
impairments might be associated with hypometabolism in the PFC, especially the IPFC.
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Introduction

Obsessive compulsive disorder (OCD) is a severe, chronic, and complex neuropsychiatric
disorder,'* with a lifetime prevalence of 1% to 3%.>* The incidence of OCD has recently
shown an upward trend, but its diagnosis and treatment are often delayed. In most cases of
OCD, it usually takes approximately 8 years from symptom onset to medical treatment,>

and the effective rate of treatment remains only between 40% - 60%.”
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Most studies in literature have confirmed that OCD
involves cognitive impairment, which is considered as
of OCD.* "
Working memory (WM) is considered a key cognitive
function'® and is closely related to OCD.'*'® WM is
a psychological process that involves storing and proces-

one of the neurophenotypic markers

sing of information when performing tasks and activities,
which include verbal WM, visuospatial WM and central
executive system (including updating, shifting and inhibi-
tory functions). WM also supports other high-level cogni-
tive abilities (including but not limited to general fluid
intelligence, learning, problem solving and decision-

making),'"'®

as well as low-level psychological operations
that require cognitive control.'”** Recurrent intrusive
thoughts and/or compulsions in OCD are often repetitive
behaviors or mental acts, followed by checking, rumina-
tion, and disinhibition,' and these are associated with
poorer memory in OCD. For example, memory deficits
might explain the compulsive checking behavior.!
Impaired response inhibition accounts for unstoppable
repetitive rituals in OCD patients®®. There exists a large
body of working memory literature on OCD, and yet
results from this literature are highly mixed, such as
visuospatial WM and verbal memory.'>?*-** The inconsis-
tent pattern of results described is possibly attributed to
several factors, which include the highly heterogeneous
nature of OCD, the high rate of comorbidity, and incom-
plete or inconsistent measurement tools. It is also possible
that the mechanism of WM impairment in OCD remains
unclear. Therefore, we used a more comprehensive assess-
ment tools to study WM, including Digit Span Test (DST),
Visual Reproduction Subtest (VSMT), 2-back task and
Stroop Color Word Test (SCWT). DST mainly reflects
the ability of spatial WM capacity as well as verbal WM,
which is included in the phonological loop and episodic
buffer subsystem. VSMT is used to measure the visuospa-
tial WM, which is assumed to be responsible for proces-
sing and short-term storage of visuospatial information
and is the part of visual-spatial sketchpad and episodic
buffer.>2° The 2-back task is one of the verbal n-back
tasks, which is a commonly used paradigm to investigate
verbal WM and updating function of the central executive
system. SCWT is used to evaluate the updating, shifting
and inhibitory functions of the central executive system.
A growing body of evidence in imaging studies also
revealed neurobiological abnormalities in OCD, which is
speculated to be a

potential  neuroimaging

endophenotype.”’ > It has been particularly convincing

in suggesting that prefrontal-basal ganglia—thalamic—pre-
frontal circuits are responsible for the mediation of OCD
symptoms.*”*® Complementary approaches examining
regional neurochemistry now assure additional insights
into the neurobiology of OCD. Some studies have found
that the imbalances in neuronal metabolite and neurotrans-
mitter within CSTC circuit have been shown as the lead-
ing reasons of the OCD onset.*! In particular, the proton
magnetic resonance spectroscopy ('H-MRS) permits
in vivo quantification of specific neurochemicals in var-
ious regions of the brain. The most commonly reported
resonances of 'H-MRS spectrum are N-acetyl aspartate
(NAA),
inositol (MI), and creatine (Cr). The pathophysiology of
OCD has been studied by "H-MRS, but the results are still
inconclusive.*>3? Like Pauls et al comments, there is little

choline-containing (Cho) compounds, myo-

agreement between these investigations,”® and this is
probably because of several factors, such as the sample
size, in which most of the studies included low patient
samples, with an average of 13 subjects per study.
Secondly, the heterogeneity of the disease, wherein the
samples are often included into heterogeneous groups
(comorbidities, drugs/treatment, untreated, etc.). Thirdly,
with regard to the inspection equipment of 'H-MRS tech-
nique, only 4 (14%) of 28 studies have used field strength
>3-Tesla (3T).%*** In order to reduce the above interfer-
ence in the current study, we examined biochemical meta-
bolites in the prefrontal cortex (PFC) of treatment-naive,
non-late-life OCD patients without comorbidity by using
multi-voxel 3.0T 'H-MRS. The multi-voxel technique
used in our study possesses the advantage of simulta-
neously obtaining multiple 'H-MRS spectra and allowing
for examination of a larger volume of tissue than that by
single voxel spectroscopy. In addition, the spectra of the
normal human brains at 3.0T demonstrated a 20%
improvement of the signal to noise ratios compared to
1.5T at a short TE.

The prefrontal cortex (PFC) is a key area of cortico-
striato-thalamo-cortical (CSTC) circuit,*® and dysfunction
in the PFC might be constituted as a neurophenotype of
OCD. However, there is very little research till now that
has been conducted in OCD patients on their WM and
neurometabolites of the PFC. A combination of metabolic
brain alterations with neuropsychological tests might be an
effective way to explore the correlation between brain
function change and OCD.

Therefore, we examined WM and biochemical meta-
bolites in PFC of patients with drug-naive OCD in this
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study. We hypothesized that the deficits of WM and abnor-
mal biochemical metabolism could be found in patients
with drug-naive OCD. We were also interested in the
relationship between WM and abnormal biochemical
metabolism in drug-naive OCD. During this approach,
characteristic changes of WM and metabolites in OCD
patients were explored, and to find out the potentially
unknown associations between neural mechanism and
WM impairment in OCD.

Materials and Methods

Participants

A total of 55 patients affected by OCD (Diagnostic and
Statistical Manual of Mental Disorder, 5th Edition - cri-
teria, DSM-5) (APA, 2013) (29 males, 26 females; mean +
SD: 26.70+7.43 years of age), and 55 healthy controls
(HCs) (21 males, 34 females; mean = SD: 25.33+5.28
years of age) were studied. All subjects were right-
handed and belonged to the Han ethnic group. All patients
and HCs voluntarily participated in this study and signed
an informed consent.

OCD Group

Between March 2014 and July 2015, 55 adults with OCD
were recruited from the psychiatric department of the First
Affiliated Hospital of Jinan University (Guangzhou,
China). All patients were assessed by psychiatrists
involved in the study. Written informed consent was
obtained from all participants before any study procedure
was performed.

The inclusion criteria of OCD group were as follows:
diagnosed with OCD according to the DSM-5 criteria,
aged between 18 and 50 years, educational level above
junior high school, with a total score of the Yale-Brown
Obsessive-Compulsive Scale (Y-BOCS) of >16 points (if
only one of the compulsive behaviors or compulsive ideas
exist, the evaluation standard then becomes to the total
number of Y-BOCS scores of >8 points), psychiatric drug
naive and treatment naive.

Exclusion criteria of OCD group were as follows: any
other psychiatric axis-I or axis-II disorders, pregnant or
lactating females, any other neurological disorders, brain
organic mental disorders or somatic complaints, a history
of alcohol or drug abuse, abnormal brain structure or
magnetic resonance contraindications, achromatopsia or
hemochromatosis, those who received electric convulsive
treatment (ECT) recently or had long-term anti-psychotic
drugs.

Healthy Control (HC) Group
A sample of 55 healthy volunteers was recruited by adver-
tising. The inclusion criteria of control group were as
follows: healthy adults, aged between 18 and 50, educa-
tional level above junior high school.

Exclusion criteria of control group were as follows:
a history of psychiatric illness or a family history of
mental disorders, pregnant or lactating females, brain
organic mental disorders or somatic complaints, a history
of alcohol or drug abuse, abnormal brain structure or
magnetic resonance contraindications, and achromatopsia
or hemochromatosis.

Clinical Assessments
A general information questionnaire was utilized to inves-
tigate the subject’s gender, age, nationality, marital status,
profession, education, history of somatic diseases, history
of drug allergy, status of smoking and alcohol addiction.
Y-BOCS: OCD symptom characteristics and severity
were assessed using Y-BOCS. Those with a total score of
25 or more (simple obsessive thinking or compulsive
behavior, only 15 points or more) were considered severe;
16-25 points (mere obsessive thinking or compulsive
behavior, only 10-14 points) were considered moderately
severe; 10—15 points were considered mildly severe; and
10 points were considered extremely low.

WM Assessments
DST (Wechsler, 2000) was used to measure the WM
capacity and verbal WM, which consists of digit span
forward (DSF) and digit span backward (DSB). Correct
responses on the DSF and DSB were calculated. DST
mainly reflects the ability of spatial WM capacity as well
as verbal WM, which is included in the phonological loop
and episodic buffer subsystem.

2-back task is one of verbal n-back task, which is
a commonly used paradigm to investigate verbal WM
and updating function of the central executive system.
The 2-back task was programmed with E-prime 2.0 soft-
ware. During the test, any number from 1 to 9 is randomly
displayed in the center of the computer screen, each num-
ber is displayed for 1000 milliseconds, and the number is
separated by 1000 milliseconds. If the currently displayed
number is consistent with the previously displayed num-
ber, press “F” key; if the currently displayed number is
inconsistent with the previous number, press “J” key.
Reaction time and accuracy rate on the 2-back were
calculated.
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VSMT was also programmed with E-prime 2.0 soft-
ware, which was used to measure the visuospatial WM
(see Figure 1). During the test, a 4*4 black-and-white grid
matrix appears in the center of the computer screen, in
which blue patches are randomly distributed. After 1000
milliseconds, the blue color block disappeared, and then
the participant marked the position of the blue color block
in the blank square matrix. Subjects were requested again
to recall the spatial location as quickly and as accurately as
possible. Reaction time and accuracy rate on the VSMT
were calculated.

SCWT-CW was used to evaluate the updating, shifting
and inhibitory functions of the central executive system.
The stimulus card contains a total of 100 characters.
Participants were required to name the color of each
Chinese character in the displayed symbol card in turn
(for example, the “green” character displayed in yellow
font is named “yellow”). The reaction time on the SCWT-
CW was calculated.

Image Acquisition

Magnetic resonance imaging (MRI) and '"H-MRS were
performed using the Discovery MR 750 3.0 T MRI scan-
Electric, WI, USA) with
a conventional gradient system. The gradient field strength

ner (General Milwaukee,
used was 44mT/m and the gradient switching rate was
200T/m/s. An 8-channel head coil was used for radio-
frequency transmission and reception of MR signal. The
subjects’ heads were fixed by a sponge pad, in which the
center line was in the middle, and symmetrical on both
sides in order to avoid motion artifacts.

Instruction

HH

Time

Figure | During the test, a 4*4 black-and-white grid matrix appears in the center
of the computer screen, in which blue patches are randomly distributed. After 1000
milliseconds, the blue color block disappeared, and then the participant marked the
position of the blue color block in the blank square matrix. Subjects were requested
again to recall the spatial location as quickly and as accurately as possible.

Routine axial T1-weighted fluid attenuation inversion
recovery (T1Flair) [repetition time (TR) = 1750 ms, echo-
time (TE) = 24 ms] and fast spin echo T2-weighted MR
images (TR = 8400ms, TE = 145ms) were obtained to
confirm the absence of any structural and signal abnorm-
alities of the brain.

The magnetic resonance protocol was conducted in the
axial plane with a T2-weighted fast spin-echo (FSE) sequence
(TR =3500 ms, TE = 102 ms, number of excitation (NEX) =2,
slice thickness = 5 mm, slice interval = 0 mm, 18 slices, field of
view (FOV) = 24x24 c¢m, matric size = 256%256). For 1H-
MRS studies, the location of the PFC volume of interest (VOI)
was showed in Figure 2. The prefrontal lobe VOI was localized
at the midline and included the dorsolateral prefrontal white
matter and anterior cingulate gray regions bilaterally avoiding
the striatum, ventricle, scalp, skull base, or sinuses. The poster-
ior boundary of the VOI was placed adjacent to the anterior
margin of the frontal horn of the lateral ventricle. The VOI was
placed in a uniform manner by the same investigator. Forty-
nine nominal voxels (7.5%7.5x10mm3) was included in the
VOI. Single section 2D multivoxel 'H-MRS was acquired
using a point-resolved spectroscopy sequence (PRESS) with
water suppression by a chemical shift selective saturation
(CHESS) pulse. The acquisition parameters were as follows:
TR = 1000 ms, TE = 144 ms, NEX = 1, matric size = 18x18,
FOV =24x24 cm, slice thickness = 10 mm. Additional satura-
tion bands were placed outside the VOI to minimize lipid
contamination from the scalp. Automatic pre-scanning was
performed before each spectroscopic scan to achieve an
optional full width half maximum of 10 Hz. As a general
quality standard spectrum, a line width of above 10 Hz or
water suppression of above 98% was excluded. The acquisition
time for 'H-MRS sequence was 5 min and 28s.

The analyses of spectral dataset were performed using
the Function Tool of GE 3.0 T workstation (Sun, Advantage
Windows ADW4.5). The distribution maps of different
metabolites were obtained, and then the distribution maps
and MRI images were fused to obtain 'H-MRS curves. The
software was used to automatically conduct the phase, fre-
quency coding and baseline correction for the spectrum. The
built-in software of MRI scanner automatically conducted
the baseline calibration, signal average and metabolite iden-
tification, and measured the peak area of NAA, Cho, MI and
Cr, and calculated the NAA/Cr, Cho/Cr and MI/Cr ratios.
Each spectrum was evaluated for the peak area of NAA at
2.02 ppm, Cho at 3.22 ppm, MI at 3.0 ppm and Cr at 3.03
ppm. The voxel placements for spectroscopy and all data
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SPECTRUM

Figure 2 Magnetic resonance image (MRI) scan of healthy controls showing the location of magnetic resonance spectroscopy (MRS) of volume of interest (VOI) placed in
the PFC and proton magnetic resonance spectra in the left and right PFC. The large white box represents the VOIs for MRS acquisition, and small white boxes depict the

individual VOls for spectral analysis.

Abbreviations: NAA, N-acetylaspartate; Cho, choline; ml, myo-inositol; Cr, creatine.

analyses were carried out by a trained radiologist who was
blinded to the diagnosis of each subject.

Statistical Analysis

SPSS Statistical Package Version 20.0 was used for statistical
analysis, and two-tailed significance level was set at p <0.05.
All indicators were measured for normal distributions by the
Kolmogorov—Smirnov goodness-of-fit test. When compar-
ing group differences in terms of demographics and clinical
data, the ¢-test was used if continuous variables were normal.
The Mann—Whitney U-test was used if continuous variables

Table | Characteristics of Patients with OCD and HCs

were skewed. Independent sample #-test (normal variables)
or Mann—Whitney U (skewed variables) was used to test the
differences in WM performance and neurometabolite ratios
between OCD and control groups. Bonferroni correction for
multiple comparisons was applied and p < 0.004 (0.05/14)
was considered significant. Multivariate linear regression
analysis was performed using WM of the case group as the
dependent variable, and NAA/Cr, Cho/Cr, and MI/Cr ratios
of the PFC as independent variables to screen the influential
factors of WM, with an introduction level of 0.05 and rejec-
tion level of 0.10.

Factors OCD (n=55) Control (n=55) Statistical Analysis
FIX? p value
Gender (male, female) 29, 26 21, 34 X?=2.347 0.126
Age (years) 26.70+7.43 25.33+5.28 F=1.122 0.265
Education (years) 14.40£2.66 14.62+1.95 F=-0.335 0.739
Y-BOCS score
Total 19.51£3.70 — — —
Obsession scores 10.53+£2.23 — — —
Compulsion scores 9.00+2.33 — — —
Duration of illness (months) 40.58+5.41 — — —
Abbreviation: Y-BOCS, Yale-Brown Obsessive-Compulsive Scale.
Neuropsychiatric Disease and Treatment 2021:17 https: 2651
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Table 2 Comparison of WM Indices Between Drug-Naive OCD and HCs
Working Memory Tests oCDh Control t PI P2 ES
DSF 8.22+1.46 9.07£1.12 345 0.001 OCD<Controlf —-0.31
DSB 5.96+1.63 6.76x1.89 238 0.019 —0.22
DST (forwards+backwards) 14.19+2.53 15.83+2.54 343 0.001 OCD<Controlf —0.31
2-back task (reaction time ms) 3058+1198 2671£1226 1.70 0.093 0.16
2-back task (accuracy rate) 16.53+3.56 18.69+1.98 3.96 <0.001 OCD<Controlf —0.35
VRST (reaction time ms) 1781923 13884687 2.57 0.011 0.23
VRST (accuracy rate) 3.04+1.87 4.52+0.84 5.39 <0.001 OCD<Control —0.45
SCWT (execution time s) 16.13+3.51 13.49+3.54 3.97 <0.001 OCD<Control’ 0.35

Abbreviations: DSF, digit span forward; DSB, digit span backward; DST, Digit Span Test; VRS, Visual Reproduction Subtest; SCWT, Stroop Color and Word test; P2,

fBonferroni test; ES, effect size.

Table 3 Comparison of Neurometabolite Ratios in the PFC Between Drug-Naive OCD and HCs

ocp Control t PI P2 ES
IPFC
NAA/Cr 2.06£0.22 2.38:0.28 631 <0.001 OCD<Control’ -0.54
Cho/Cr 1.090.10 1.41£0.40 5.72 <0.001 OCD<Control’ -0.48
MI/Cr 0.15£0.18 0.25£0.27 2.29 0.024 -0.21
rPFC
NAA/Cr 2.33:0.30 2.3130.25 0.5 0.611 0.04
Chol/Cr 1.26+0.28 1.200.17 1.35 0.179 0.13
Mi/Cr 0.10£0.08 0.16£0.11 3.002 0.003 OCD<Control’ 0.30

Abbreviations: l/rPFC, left/right of prefrontal cortex; NAA, N-acetyl-aspartate; Cho, choline; MI, myo-inositol, Cr, creatine; ES, effect size; P2, Bonferroni test.

Results

Sample Characteristics

The demographics and clinical data of OCD group and
HCs are shown in Table 1. A total of 55 patients with
drug-naive OCD and 55 HCs were enrolled in this study.
The two groups were matched by age (F = 1.122, p =
0.265), gender (X2 = 2.347, p = 0.126) and educational
level (F = —0.335, p = 0.739). In the Y-BOCS score of all
patients, the minimum score was 12 and the maximum
score was 32 points.

The Comparison of WM Indices Between
Drug-Naive OCD and HCs

The independent sample #-test was used to compare the
WM indices between the two groups, and the results are
shown in Table 2. Compared to HCs, patients with OCD
had significantly worse DST, VSMT, 2-back task (accu-
racy rate), and SCWT (execution time) (all p < 0.01). No
statistical differences of 2-back task (reaction time) were
observed between the two groups (p > 0.05).

Comeparison of Neurometabolite Ratios in
the PFC Between Drug-Naive OCD and
HCs

The independent sample #-test was used to compare the NAA/
Cr, Cho/Cr, and MI/Cr ratios of IPFC and rPFC between the
two groups, and the results are shown in Table 3. Compared to
HCs, patients with OCD had more reduction of NAA/Cr, Cho/
Cr, MI/Cr ratios in the IPFC, while MI/Cr ratio in the rPFC,
showed statistically significant differences (p < 0.05). There
were no significant differences in the ratios of NAA/Cr and
Cho/Cr of the rPFC between the two groups (p>0.05).

Correlations Between Abnormal
Neurometabolite Ratios and WM Indices,
Demographics and Clinical Symptoms in
Patients with Drug-Naive OCD

The standardized residual histogram of WM showed an
approximated normal distribution. A simple linear regression
model was performed with NAA/Cr, Cho/Cr, and MI/Cr ratios
of PFC as independent variables and age, gender, education

https:
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Table 4 Multiple Regression Analysis in Patients with OCD

Dependent Variables Independent Variables Standardized Coefficients t P
DSF NAA/Cr of IPFC —0.306 —2.306 0.025
Cho/Cr of IPFC —1.043 0.302
MI/Cr IPFC 0.953 0.345
NAA/Cr of rPFC 0.767 0.446
Cho/Cr of rPFC 0.982 0.331
MI/Cr of rPFC 0.278 2.095 0.041
DsB NAA/Cr of IPFC —0.515 0.608
Cho/Cr of IPFC —0.181 0.857
MI/Cr of IPFC 0.965 0.339
NAA/Cr of rPFC 0.292 0.771
Cho/Cr of rPFC 0.767 0.447
MI/Cr of rPFC 0.748 0.458
DST (forwards+backwards) NAA/Cr of IPFC
Cho/Cr of IPFC —1.484 0.144
MI/Cr of IPFC —0.622 0.537
NAA/Cr of rPFC 0.665 0.509
Cho/Cr of rPFC 0.303 0.763
MI/Cr of rPFC 1112 0.271
VRST (accuracy rate) NAA/Cr of IPFC —0.36 0.72
Cho/Cr of IPFC 0.0l 0.992
MI/Cr of IPFC —0.82 0416
NAA/Cr of rPFC —0.81 0.422
Cho/Cr of rPFC -1.078 0.286
MI/Cr of rPFC 0.301 2.295 0.026
VRST (reaction time ms) NAA/Cr of IPFC 0.253 1.79 0.079
Cho/Cr of IPFC 1.114 0.27
MI/Cr of IPFC 0.468 0.642
NAA/Cr of rPFC —0.259 0.797
Cho/Cr of rPFC 0.637 0.527
MI/Cr of rPFC 1.251 0.217
2-back task(accuracy rate) NAA/Cr of IPFC -1.13 0.264
Cho/Cr of IPFC 0.358 2.791 0.007
MI/Cr of IPFC 0.67 0.506
NAA/Cr of rPFC —0.604 0.548
Cho/Cr of rPFC 1.198 0.236
MI/Cr of rPFC 1.207 0.233
Compulsive symptom scores MI/Cr of rPFC 0.270 2.045 0.046*

Note: *p<0.05 significant.

Abbreviations: I/rPFC, left/right of prefrontal cortex; NAA, N-acetyl-aspartate; Cho, choline; MI, myo-inositol, Cr, creatine; DSF, digit span forward.

level, duration of illness, Y-BOCS score and WM as
a dependent variable. Multivariate linear regression stepwise
regression method was used to screen the influential factors of
WM. The results are shown in Table 4.

For OCD patients, the DSF showed a positive correlation
with MI/Cr ratios of the rPFC and a negative correlation with
NAA/Cr ratios of the IPFC (F = 4.062, R’= 10.4%, p <0.05),

implying that approximately 10.4% of the DSF scores can be
explained by the MI/Cr ratios of the rPFC and NAA/Cr ratios
of the IPFC. The VSMT (accuracy rate) showed a positive
correlation with MI/Cr ratios of the rPFC (F = 5.266, R*=0.09,
p < 0.05), implying that approximately 9% of the VSMT
(accuracy rate) scores can be explained by MI/Cr ratios of
the rPFC. The 2-back task (accuracy rate) showed a positive
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correlation with Cho/Cr ratios of the IPFC (F = 7.79, R =
0.128, p < 0.05), implying that approximately 12.8% of the
2-back task (accuracy rate) scores can be explained by Cho/Cr
ratios of the IPFC.

The compulsive symptoms showed a positive correla-
tion with MI/Cr ratios of the rPFC (F = 3.96, R*> = 0.132,
p<0.05), which implied that approximately 13.2% of the
compulsive symptom scores can be explained by the MI/
Cr ratios of the rPFC. We found no significant correlation
between neurometabolite ratios and the other demo-
graphics and clinical symptoms.

Discussion

The major study findings are as follows. Patients with
OCD performed significantly worse on DST (score),
VSMT (score), 2-back task (accuracy rate), SCWT (execu-
tion time) when compared with HCs, and showed signifi-
cantly lower NAA/Cr and Cho/Cr ratios in the left PFC
(IPFC) and lower MI/Cr ratios in the bilateral PFC. For
OCD patients, lower NAA/Cr ratio in the IPFC was nega-
tively correlated with the score of DST (forwards), lower
Cho/Cr ratio in the IPFC was positively correlated with the
accuracy rate of 2-back task, and the MI/Cr ratio in the
right PFC (rPFC) was positively correlated with the score
of DST (forwards) and the accuracy rate of VSMT.

The verbal WM is measured by DST and the 2-back
task methods. Results showed significant deficits in the
performance with DST and 2-back task (accuracy rate),
suggestive of a significant impairment of verbal WM in
the OCD. This result was consistent with that of previous
research findings.”'> DSF showed a significant correlation
with MI/Cr ratios of the rPFC and NAA/Cr ratios of IPFC,
while the 2-back task (accuracy rate) showed a significant
correlation with Cho/Cr of IPFC. Patients showed
a significant decrease in NAA/Cr and Cho/Cr ratios in
the IPFC, and MI/Cr ratios in the rPFC when compared
to HCs. NAA is one of the most prominent metabolites in
magnetic resonance spectrograms of the brain, and is
considered as a marker of neuronal integrity and neuron
density.>> Furthermore, the patients showed a significant
decrease in NAA/Cr ratios in the IPFC and showed
a negative correlation with DSF. Lentz et al investigated
postmortem frontal lobe tissue by using high-spectral-
resolution 1H MR spectroscopy of brain extracts and
found NAA/Cr as a
injury.>® 1H-MRS studies demonstrated decreased NAA
concentration during psychiatric conditions, including

sensitive marker of neuronal

affective disorder, OCD, schizophrenia and dementia,

and the decrease of NAA levels is often located in regions
of gray matter volume reduction, indicating neuronal
reduction.*”?” Additionally, a study with the effect of 12-
week treatment using citalopram on NAA/Cr ratios in 13
drug-naive patients with OCD showed a significant
increase in the bilateral prefrontal cortex, frontal white
matter and anterior cingulate when compared to those
before treatment.>® So, the decrease of NAA/Cr ratios in
the IPFC might indicate gray matter volume reduction and
neuronal damage in OCD, which is closely related to
verbal working memory impairment.

In the literature, there are rare reports on the decrease of
choline levels of IPFC in OCD. Choline plays a central role in
membrane structure and many physiological pathways, includ-
ing the membrane-mediated cell signaling via phospholipases,
acetylcholine synthesis, lipid transport, myelination, growth
factor signaling, and methyl-group metabolism.* Studies
have found that choline deficiency can cause nerve cell damage
or induce apoptosis, while choline supplementation can inhibit
apoptosis and promote neural plasticity.***' There are many
studies on choline metabolism in patients with OCD, and most
of these focused-on thalamus, parietal white matter, hippocam-
pus, striatal, caudate nucleus, and the anterior cingulate cortex
among others.’** In this study, the patients showed
a significant decrease in Cho/Cr ratios in the IPFC and showed
anegative correlation with the 2-back task (accuracy rate). The
2-back task was carried out to investigate verbal WM and
updating the function of the central executive system.
Updating is the constant monitoring and rapid addition/dele-
tion of WM contents, which can be measured through tests
such as the n-back, which are typically considered as the
probes of WM.* The ability to acquire new information and
manipulate it in real time is critical to adjust one’s behavior to
meet the demands of the changing environment.”> So, the
impairment of updating ability results in behavioral and cog-
nitive inflexibility and this seems to be consistent with the
clinical symptoms of OCD. Moreover, in this study, we also
found that SCWT (execution time) showed significant deficits
in the performance of the drug-naive OCD group, but we did
not find its relationship to the neurometabolites in the brain.
SCWT (execution time) can reflect the inhibition function and
mainly involves prevention of target task being intervened by
irrelevant information, suppressing reactions that are not in
conformity with the situation and preventing secondary activa-
tion of unwanted internal information in memory. Our results
in agreement with those of the previous studies, in which
a prominent disturbance in the ability to inhibit the WM of
OCD has been reported.'® We speculate that the lack of choline
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in IPFC may be closely related to the defects of verbal WM and
the central executive system in OCD. Choline supplementation
might be able to improve this condition, which may provide
another option for the treatment of obsessive-compulsive dis-
order, but further research is needed in the future.

The visuospatial WM is measured by VSMT. In the current
study, the results showed significant deficits in performance
with VRST (accuracy rate), suggesting a significant impair-
ment of the visuospatial WM in the OCD. When compared to
HCs, patients with OCD showed a significant decrease of M1/
Crratios in the rPFC, which showed a positive correlation with
VSMT (accuracy rate). Visual-spatial WM is mainly involved
in the maintenance and control of visual and spatial informa-
tion. Disturbance of the visuospatial WM suggests that OCD
has disturbances in maintaining and controlling external infor-
mation, similar results were found in previous study, but mea-
sured it with Cambridge Neuropsychological Automated
Battery (CANTAB).** Myoinositol (MI) is located mainly in
the glial cells of the brain, and is considered as a glial marker,
and its content is believed to relate with glial cells
proliferation.**** It might participate in the protection against
osmotic shock, signaling pathways, vesicle endocytosis and
exocytosis.* Alterations in the MI levels of brain are asso-
ciated with diseases of central nervous system, such as schizo-
phrenia, bipolar disorders, and cognitive impairment.*>*’
1H-MRS findings in OCD have reported less on the alterations
of MI in OCD subjects before 2012.%* Some recent studies on
OCD have also found changes in the levels of inositol meta-
bolism in the brain. Parmar et al*® have found significant
increase in inositol levels in the caudate nucleus and anterior
cingulate cortex of OCD. It is positively correlated with the
compulsive symptoms and disease severity, and it is speculated
to be related to the potential reversible abnormalities in reg-
ulating the neuro-osmotic pressure. Another study*® measured
the metabolite levels in the left and right prefrontal white
matter and found that children and adolescents with OCD did
not differ from those of controls in MI metabolite levels. The
metabolic concentration of MI in patients with OCD is
increased significantly by 52% when compared with HCs.
However, this study included a small sample size (only 14
OCD patients and 14 healthy individuals), and some patients
received medications (escitalopram or fluvoxamine). Also, we
found out that the levels of MI in bilateral PFC were reduced,
which has not been reported in previous studies. MI is also
a brain metabolite related to important functions of
phosphatidylinositol second messenger system (PI-cycle),
and is associated with mental disorders such as OCD, general-
ized anxiety disorder or schizophrenia.** MI is transformed by

various receptors attached to the PI-cycle, and its concentration
or function changes the way the Pl-cycle affects specific
neurons.”® The abnormal metabolism of MI has extensive
effects on neurologic pathways and changes in PI-cycle activa-
tion, which might induce OCD. According to our results,
verbal and visual-spatial impairments in OCD patients may
be closely related to decreased MI metabolism.

Therefore, this study suggests an extensive and significant
impairment of WM in OCD including verbal WM, visuospa-
tial WM and central executive system, which may be closely
related to the abnormal metabolism of PFC in patients with
OCD and may be an important cause of WM damage.

Limitations

This study might offer laboratory markers for etiological stu-
dies, and perhaps enhance the identification of WM impair-
ment in OCD. However, some potential limitations in the
current study should be taken into account when conducting
future research. Firstly, due to statistical effect of the results, the
sample size might be reduced, and future studies are needed to
expand the sample size, allowing us to verify the results again.
Secondly, this study is a cross-sectional study. Longitudinal
studies are required to validate these findings. Thirdly, all
patients had both obsessive thinking and compulsive behavior,
and so the subtype analysis could not be carried out. Fourthly,
although a battery of common neuropsychological WM tasks
was used in our study, it was still not comprehensive enough to
address various aspects of WM. In addition, we investigated
WM functions without controlling for executive dysfunction
and intelligence quotient (IQ) that could affect WM results (eg
short-term memory, attention, vigilance etc.). Lastly, OCD is
a disease with abnormal brain regions. In this study, only one
ROI region was selected using "H MRS, and we could not
clarify the metabolism of other brain regions.

Conclusion

In conclusion, these preliminary data suggest that the WM
of drug-naive OCD is damaged, involving verbal WM,
visual WM and central executive system. Also, our study
supported the hypothesis of PFC hypometabolism, espe-
cially the IPFC, which showed close relation to the WM
impairment, and this might be the pathological mechanism
of WM.
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