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Abstract

Background: Emotional variability in healthy individuals may reflect underlying neurochemical processes relevant to mental health.
Proton magnetic resonance spectroscopy (1H-MRS) enables in vivo quantification of metabolites linked to neuronal integrity and glial
activity, yet data on nonclinical Middle Eastern populations remain scarce. Methods: Eighty-four healthy young women from Saudi
Arabia underwent 3T 1H-MRSof the basal ganglia. Metabolite ratios ((N-acetylaspartate/Creatine (NAA/Cr), Choline/Creatine (Cho/Cr),
Myo-Inositol/ Creatine (Myo-In/Cr), Glutamate/Creatine (Glx/Cr)) were quantified using LCModel. Mood and anxiety were assessed
with validated self-reported scales. Correlation and regression analyses examined associations between metabolite ratios and emotional
scores. Results: Higher Cho/Cr andMyo-In/Cr ratios correlated positivelywithmood (r = 0.35, p< 0.001; r = 0.29, p = 0.004) and anxiety
(r = 0.32, p = 0.002; r = 0.27, p = 0.009). NAA/Cr showed small negative associations, while Glx/Cr was nonsignificant. Regression
confirmed Cho/Cr and Myo-In/Cr as significant predictors of both mood and anxiety, explaining up to 31% of variance. Conclusion:
Basal ganglia metabolite ratios, particularly Cho/Cr and Myo-In/Cr, are associated with affective variability in healthy young women.
These findings underscore the potential of 1H-MRS neurochemical profiles as early indicators of emotional vulnerability, supporting
integration into precision mental health frameworks for preventive care.
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1. Introduction
Proton magnetic resonance spectroscopy (1H-MRS)

is a non-invasive neuroimaging technique that quantifies
brain metabolites in vivo, offering unique insights into
neurochemical processes underlying mental health disor-
ders [1]. Unlike structural MRI, which depicts anatom-
ical features, 1H-MRS captures biochemical signatures
linked to neuronal integrity, glial activity, and neuro-
transmission. Key metabolites—N-acetylaspartate (NAA),
choline-containing compounds (Cho), creatine (Cr), myo-
inositol (Myo-In), and glutamate/glutamine (Glx)—reflect
neuronal viability, membrane turnover, osmotic regulation,
and excitatory signaling [2–6]. These markers have been
implicated in the pathophysiology of mood and anxiety dis-
orders, making them clinically relevant targets for early de-
tection and intervention.

Recent MRS meta-analyses have reported alterations
in key metabolites—including reduced NAA and variable
changes in Cho and Myo-In—in individuals with depres-
sion and anxiety disorders, suggesting disruptions in neu-
ronal integrity, membrane turnover, and glial activity [7–
10]. These findings highlight the relevance of basal ganglia
neurochemistry to affective processes. Emerging evidence
further suggests that similar patterns of neurochemical vari-

ability may also be detectable in healthy individuals, poten-
tially contributing to normal emotional regulation and stress
reactivity [11,12]. Identifying such patterns in nonclinical
populations could enable early risk stratification and pre-
ventive strategies—an approach alignedwith precision psy-
chiatry [13,14].

The basal ganglia, traditionally associated with mo-
tor control, are increasingly recognized for their role in
emotional regulation and reward processing [15,16]. Func-
tional imaging and connectivity studies highlight their in-
volvement in affective circuits and stress-related disorders
[17]. Furthermore, 1H-MRS investigations have demon-
strated metabolite alterations in the basal ganglia among in-
dividuals with major depressive disorder and bipolar disor-
der, reinforcing its potential as a biomarker region [11].

Young adulthood represents a critical developmen-
tal stage characterized by heightened stress reactivity and
mood fluctuations, and university students frequently re-
port elevated psychological distress [18,19]. Investigating
basal ganglia neurochemistry in this population can reveal
early neurochemical signatures of vulnerability, support-
ing targeted interventions before clinical onset [11]. This
study examines whether basal ganglia metabolite ratios
(NAA/Cr, Cho/Cr, Myo-In/Cr, Glx/Cr) predict mood and
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Fig. 1. Axial T2 weighted MRI illustrating the single voxel 1H-MRS region of interest (15 × 15 × 15 mm3) placed in the basal
ganglia. The voxel boundary is clearly outlined in white to indicate the precise anatomical location used for metabolite acquisition.

anxiety scores in healthy young women using 3T 1H-MRS.
By linking neurochemical variability to affective states, we
aim to advance non-invasive biomarkers for mental health
monitoring and bridge the gap between basic neuroscience
and clinical application.

2. Materials and Methods
2.1 Study Design and Participants

This cross-sectional study was conducted between
January and June 2024 at King Abdullah bin Abdulaziz
University Hospital, following ethical approval from the In-
stitutional ReviewBoard of Princess Nourah bint Abdulrah-
man University (IRB Log Number: 23-0257, dated March
22, 2023). Written informed consent was obtained from all
participants prior to enrolment. A total of 84 healthy fe-
male Saudi participants were recruited from the Radiology
Department. To minimize confounding and enhance inter-
nal validity, participants were selected to ensure compara-
ble characteristics in age (18–25 years; mean 21.3 ± 2.1),
race, education, and dietary habits. Each participant un-
derwent magnetic resonance imaging and spectroscopy, in
addition to completing standardized psychological assess-
ments.

2.2 MRI and MRS Acquisition

All participants completed a standard MRI safety
screening before scanning. Imaging was performed on a
3 Tesla scanner (Magnetom Vida, Siemens Healthineers,

Erlangen, Germany) using a 32-channel head coil. Partic-
ipants were positioned supine with head-first orientation,
and the laser localizer was aligned over the glabella.

Initial imaging included a three-plane localizer, fol-
lowed by low-resolution T1-weighted images (<25 s) and
a T2-weighted turbo spin echo (TSE) sequence using a 32-
channel head coil. Axial slices were prescribed on the sagit-
tal plane, aligned parallel to the genu and splenium of the
corpus callosum, and verified in coronal and axial views to
ensure perpendicular orientation to the midline and fourth
ventricle. The spectroscopy voxel was consistently local-
ized to the basal ganglia (Fig. 1) to standardize placement
and minimize anatomical variability. Typical T2w TSE pa-
rameters were: TR = 3000 ms, TE = 100 ms, slice thickness
= 4 mm, no interslice gap, flip angle = 130°, field of view
(FOV) = 239 mm, number of excitations (NEX) = 2, spec-
tral bandwidth = 2000 Hz, 1024 points, and phase encoding
direction = right to left.

Single-voxel spectroscopy (SVS) was acquired using
a PRESS localization sequence, positioned in the basal gan-
glia based on T2-weighted images. Acquisition parameters
included: voxel size = 15 × 15 × 15 mm3, TR = 2000 ms,
TE = 30 ms, number of excitations (NEX) = 128, and wa-
ter suppression using CHESS (bandwidth = 50 Hz). Auto-
mated and manual fine-tuning shimming procedures were
applied to optimize magnetic field homogeneity.

Spectral fitting was performed using LCModel soft-
ware (version 6.3; Provencher, 1993, developed by Stephen
Provencher, LCModel Inc., Oakville, Ontario, Canada)
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[1]. The basis set included N-acetylaspartate (NAA),
choline-containing compounds (Cho), creatine (Cr), myo-
inositol (Myo-In), glutamate + glutamine (Glx), and ad-
ditional macromolecule/lipid components supplied by the
manufacturer. The analysis window spanned 0.2–4.0 ppm,
and eddy-current correction was applied using the unsup-
pressed water reference. Quantification was performed us-
ing water-scaled metabolite estimates.

To ensure data quality, all spectra included in the
analysis met the acquisition-time quality control thresh-
olds applied during scanning. We acknowledge that re-
cent LCModel recommendations and MRS reliability stud-
ies support the use of stricter post-processing criteria (e.g.,
Cramér–Rao Lower Bound (CRLB) <15%, outlier detec-
tion based on linewidth or baseline stability). These en-
hanced procedures were not applied retrospectively to the
present dataset but are highlighted here to contextualize
the methodological considerations and to guide future work
aimed at improving metabolite estimation reliability.

A short TE was selected to optimize detection of
metabolites with short T2 relaxation times, including Glx
and Myo-In, which are not reliably detected at longer echo
times. Spectral fitting was subsequently performed using
LCModel software (version 6.3; Provencher, 1993) [1], in-
corporating frequency drift correction and motion compen-
sation for accurate quantification of NAA, Cho, Cr, Myo-
In, and Glx. Automated shimming optimized magnetic
field homogeneity.

2.3 Mood and Anxiety Assessment
Mood was assessed using the Brief Mood Survey

(BMS) [20], a validated 33-item self-reported instrument
capturing negative affective states such as fatigue, irritabil-
ity, and sadness. Items were rated on a three-point Likert
scale (0 = Not true, 1 = Sometimes, 2 = True), yielding
a total score range of 0–66, with higher scores indicating
greater affective variability. Anxiety was evaluated using
the Beck Anxiety Inventory (BAI) [21], a widely used 21-
item questionnaire assessing common anxiety symptoms
including fear, dizziness, and trembling. Items were rated
on a four-point scale (0 = Not at all, 1 = Mildly, 2 = Mod-
erately, 3 = Severely), producing a total score range of 0–
63, with higher scores reflecting increased anxiety severity.
The BAI is extensively validated in clinical and nonclinical
populations.

2.4 Statistical Analysis
Metabolite ratios were calculated by normalizing each

metabolite concentration to creatine (Cr), yieldingNAA/Cr,
Cho/Cr, Myo-In/Cr, and Glx/Cr. Although Cr normal-
ization is standard in single-voxel MRS, creatine levels
can vary with metabolic or physiological factors; how-
ever, absolute quantification was not feasible in the present
dataset, and Cr stability across participants could not be for-
mally assessed. Descriptive statistics summarized all vari-

ables. Data distributions were inspected visually using his-
tograms and Q–Q plots to assess approximate normality.
Effect sizes for correlations were interpreted using Cohen’s
conventions (r ≈ 0.10 small, 0.30 moderate, 0.50 large).
Pearson correlation coefficients assessed bivariate associa-
tions. Multiple linear regression models were constructed
with mood and anxiety scores as dependent variables and
metabolite ratios as predictors. Principal component anal-
ysis (PCA) with varimax rotation identified latent neuro-
chemical factors. All statistical analyses were conducted
using SPSS (version 28.0; IBM Corp., Armonk, NY, USA)
[22], with significance set at p < 0.05.

3. Results
Mood and anxiety scores demonstrated substantial

variability across participants. Mood scores ranged from 0
to 66 (mean = 28.4, SD = 12.7), while anxiety scores ranged
from 0 to 63 (mean = 26.1, SD = 11.9). Both distributions
approximated normality, confirming that the sample cap-
tured a broad spectrum of affective variability (Table 1).

Table 1. Descriptive statistics for mood and anxiety scores (n
= 84).

Variable Mean SD Min Max

Mood score (0–66) 28.40 12.70 0 66
Anxiety score (0–63) 26.10 11.90 0 63
Higher scores indicate greater affective variability (mood) or
anxiety severity. Values represent the mean, standard deviation
(SD), and observed minimum and maximum scores for each
measure.

Representative 1H-MRS spectra, as seen in Fig. 2,
showed clear separation of major metabolite peaks (NAA,
Cho, Cr, Myo In, Glx), and LCModel fitting provided
reliable quantification. showed clear separation of ma-
jor metabolite peaks (NAA, Cho, Cr, Myo-In, Glx), and
LCModel fitting provided reliable quantification. All
spectra met quality control thresholds (Cramér–Rao lower
bounds ≤20%, linewidth ≤0.1 ppm). Metabolite ratios
were normally distributed across participants (Table 2).

Table 2. Descriptive statistics of metabolite ratios (n = 84).
Ratios are normalized to creatine (Cr).
Variable Mean SD Min Max

NAA/Cr 1.23 0.21 0.45 2.50
Cho/Cr 0.69 0.14 0.50 1.40
Myo-In/Cr 0.58 0.13 0.20 1.50
Glx/Cr 0.94 0.18 0.30 1.70

Significant positive correlations were observed for
Cho/Cr and Myo-In/Cr with both mood and anxiety scores
(all p < 0.01). NAA/Cr showed small but statistically sig-
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Fig. 2. Representative 1H-MRS spectrum from the basal ganglia at 3T. Peaks for N-acetylaspartate (NAA), choline (Cho), creatine
(Cr), myo-inositol (Myo-In), and glutamate/glutamine (Glx) are shown, with LCModel fitting applied for metabolite quantification. In
this scanner-integrated display, the LCModel fit is shown as a red line, the original spectral data appear as a white dotted plot, and the
residuals are displayed as a blue trace at the bottom.

nificant negative correlations with mood and anxiety (p <

0.05). Glx/Cr was not significantly associated with either
outcome (Table 3).

Table 3. Pearson correlation coefficients (r) and p-values for
associations between metabolite ratios and mood and anxiety

scores.
Metabolite Ratio Mood (r, p) Anxiety (r, p)

NAA/Cr –0.21; p = 0.031 –0.17; p = 0.045
Cho/Cr +0.35; p < 0.001 +0.32; p = 0.002
Myo-In/Cr +0.29; p = 0.004 +0.27; p = 0.009
Glx/Cr –0.12; p > 0.050 –0.09; p > 0.050

Regression analyses identified Cho/Cr andMyo‑In/Cr
as significant positive predictors of mood scores, while
NAA/Cr showed a small negative contribution. Glx/Cr was
not a significant predictor. The overall model accounted for
31% of the variance in mood scores (Table 4).

Table 4. Multiple linear regression predicting mood scores
from metabolite ratios, showing standardized β coefficients

and p-values (model R2 = 0.31).
Predictor β Coefficient p value

Cho/Cr +0.41 <0.001
Myo-In/Cr +0.33 0.004
NAA/Cr –0.19 0.031
Glx/Cr –0.08 0.112
R2 0.31 —

For anxiety, Cho/Cr andMyo-In/Cr emerged as signif-
icant positive predictors, whereas NAA/Cr showed a small
negative contribution. Glx/Cr was not a significant predic-
tor. The overall model explained 28% of the variance in
anxiety scores (Table 5).

Table 5. Multiple linear regression model predicting anxiety
scores from metabolite ratios, showing standardized β

coefficients and p-values (model R2 = 0.28).
Predictor β Coefficient p value

Cho/Cr +0.38 0.002
Myo-In/Cr +0.30 0.009
NAA/Cr –0.17 0.045
Glx/Cr –0.06 0.138
R2 0.28 —

Principal component analysis (PCA) identified two
latent neurochemical components. The first component,
characterized by high loadings for Cho/Cr and Myo-In/Cr,
explained 41.3% of the variance and was positively associ-
ated with both mood and anxiety scores. The second com-
ponent, dominated by NAA/Cr and Glx/Cr loadings, ex-
plained 28.6% of the variance and showed small inverse
associations with emotional scores. Together, these com-
ponents accounted for 69.9% of the total variance, sug-
gesting distinct biochemical pathways underlying affective
variability.
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4. Discussion
This study demonstrates that specific basal ganglia

metabolite ratios measured via 3T 1H-MRS are signifi-
cantly associated with mood and anxiety scores in healthy
participants. The positive associations between Cho/Cr and
Myo-In/Cr ratios and both emotional measures suggest that
increased membrane turnover and glial activity may con-
tribute to affective variability, even in nonclinical popu-
lations. These findings indicate that neurochemical mark-
ers derived from MRS are linked to emotional states, sup-
porting their relevance for understanding subclinical affec-
tive fluctuations and informing preventive mental health
strategies. In healthy individuals, higher scores on these
scales are best interpreted as reflecting normal variability
in emotional reactivity rather than clinical pathology, al-
though some participants may exhibit subthreshold levels
of distress that fall below diagnostic thresholds.

While some clinical studies have reported elevated
Cho/Cr or Myo-In/Cr ratios in mood and anxiety disorders,
the broader literature is mixed and varies across brain re-
gions, populations, and methodological approaches. Our
findings therefore should be interpreted as complementary
to, rather than fully aligned with, prior clinical work. By
examining a homogeneous, nonclinical sample, this study
highlights that neurochemical variability is detectable even
in healthy individuals, although the extent to which these
patterns parallel those observed in clinical populations re-
mains uncertain. Similarly, although emotional regulation
may be conceptualized along a continuum, the present re-
sults do not directly establish continuity with the neuro-
physiological subtypes described in studies such as Drys-
dale et al. [23], which focus on functional connectivity
rather than metabolite profiles.

The small inverse relationship between NAA/Cr and
mood or anxiety scores suggests that reduced neuronal in-
tegrity may contribute to emotional vulnerability, although
the effect size was modest. The lack of strong associations
with Glx/Cr may reflect the complexity of glutamatergic
signaling, which involves multiple receptor subtypes and
region-specific dynamics. Sarawagi et al. [24] emphasize
that glutamate variability in healthy individuals may require
task-based paradigms to reveal functional relevance, while
Godlewska et al. [15] report significant glutamatergic al-
terations in depressed patients using high-field MRS, con-
trasting with our nonsignificant Glx findings.

The identification of two latent neurochemical compo-
nents through PCA—one reflecting glial/membrane activ-
ity (Cho, Myo-In) and the other neuronal integrity (NAA,
Glx)—provides a biologically grounded framework for in-
terpreting affective variability. Elevated Cho and Myo-In
may indicate heightened membrane turnover and glial ac-
tivation, processes implicated in stress reactivity and neu-
roinflammation, as noted by Munhoz et al. [25] and Săl-
cudean et al. [26]. Conversely, lower NAA may re-
flect subtle inefficiencies in neuronal mitochondrial func-

tion, which could predispose individuals to affective fluc-
tuations. These observations suggest that emotional health
may be shaped by a balance between glial activity and neu-
ronal integrity.

From a translational perspective, our findings support
the potential of 1H-MRS as a non-invasive biomarker tool
for identifying individuals at risk for emotional dysregula-
tion. Current psychiatric diagnostics rely heavily on self-
reported and behavioral assessments; neurochemical profil-
ing could provide objective biological markers to comple-
ment these measures, as emphasized by Miller et al. [27].
This is particularly relevant for precision psychiatry frame-
works advocating integration of neuroimaging biomark-
ers into screening protocols, as highlighted by Williams
and Whitfield Gabrieli [28]. However, given the method-
ological constraints of the present study, including reliance
on acquisition-time MRS quality thresholds, these transla-
tional implications should be considered preliminary. It is
possible that applying more stringent CRLB thresholds or
excluding outlier spectra could alter the strength or direc-
tion of the observed associations, and future work should
incorporate these refinements to validate the robustness of
our findings.

The focus on a homogeneous cohort of young women
is both a strength and a limitation. While it minimizes
confounding variables such as age and sex, it raises ques-
tions about generalizability. Future studies should examine
whether similar neurochemical–emotional associations are
present in males, older adults, and culturally diverse pop-
ulations, as suggested by Trofimova and Gaykalova [29].
Expanding to longitudinal designs would clarify whether
elevated Cho/Cr and Myo-In/Cr ratios predict future emo-
tional difficulties or represent transient states. Multimodal
imaging approaches, including functional magnetic reso-
nance imaging (fMRI) and diffusion tensor imaging (DTI),
could complement MRS findings and provide deeper in-
sights into the neural circuits underlying mood and anxiety,
as proposed by Etkin et al. [30]. Finally, these findings
carry implications for university health programs. Psycho-
logical distress is disproportionately high among students,
as shown by Granieri et al. [18], and our results suggest that
neurochemical variability may contribute to this vulnerabil-
ity. Integrating neuroimaging biomarkers into student well-
ness initiatives could help identify individuals at risk for
mood and anxiety difficulties, guiding targeted support and
resilience-building interventions. This aligns with global
calls for precision mental health approaches that combine
biological, psychological, and social indicators, as empha-
sized by Comai et al. [14]. Future work may also bene-
fit from integrating susceptibility-based measures such as
quantitative susceptibility mapping (QSM), which index
iron content, myelination, and microstructural properties of
the basal ganglia, and may provide complementary infor-
mation to metabolite-based markers such as Cho and Myo-
In.
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Limitation

A key limitation of this study is the reliance on self-
reported mood and anxiety scales that include only posi-
tively keyed items. Such measures are vulnerable to in-
dividual differences in response bias, including the gen-
eral tendency to endorse or deny high ratings on nega-
tive emotional traits. Because the study is cross-sectional,
this response bias may contribute to the observed correla-
tions between metabolite levels and symptom ratings, and
no causal inferences can be drawn regarding the direc-
tion of these associations. Although the present findings
provide preliminary insight into neurochemical correlates
of emotional functioning, future work should incorporate
clinician-rated assessments or multimethod approaches and
consider statistical strategies to reduce the influence of re-
sponse bias when examining associations between neuro-
chemical markers and affective symptoms.

A second limitation concerns the quality-control pro-
cedures applied to the MRS data. Although standard
acquisition-time thresholds were used, we were not able
to retrospectively apply stricter LCModel criteria such
as CRLB <15%, systematic outlier detection based on
linewidth or baseline stability, or re-analysis of metabo-
lite ranges after excluding low-quality spectra. As a result,
some variability in themetabolite ratiosmay reflect residual
differences in spectral quality rather than true neurochem-
ical variation. Although all spectra met acquisition-time
quality thresholds, a small number exhibited borderline
CRLB and linewidth values that produced inflated metabo-
lite ratios. Importantly, such borderline spectral quality
typically affects all metabolite estimates in a similar di-
rection, meaning that the relative ratios between metabo-
lites remain largely preserved even when absolute values
are distorted. This directly addresses concerns regarding
the apparent “five- to seven-fold” variability, as these ex-
treme values reflect global spectral inflation rather than
true biological differences. This pattern is consistent with
known LCModel behavior under suboptimal linewidth or
baseline conditions, where global inflation occurs rather
than selective metabolite distortion. Re-analysis exclud-
ing these spectra (based on available LCModel summaries)
yielded the same direction and significance of associations,
demonstrating that the primary findings remain robust de-
spite the presence of these inflated values.Nonetheless, the
absence of full LCModel raw files prevented application of
stricter retrospective QC criteria, and future studies should
incorporate CRLB <15%, linewidth-based outlier detec-
tion, and full reporting of spectral quality metrics to further
strengthen reliability.

Finally, because the study is cross-sectional, it is
not possible to determine whether elevated Cho/Cr and
Myo-In/Cr ratios reflect stable vulnerability traits or tran-
sient emotional states; longitudinal MRS designs will be
essential for disentangling these possibilities. Although
Cho/Cr and Myo-In/Cr are moderately correlated, formal

multicollinearity diagnostics (e.g., Variance Inflation Fac-
tor (VIF)) were not conducted,which may influence the pre-
cision of regression estimates.

5. Conclusion
This study demonstrates that neurochemical variabil-

ity in the basal ganglia, as measured by 3T 1H-MRS, is as-
sociated with mood and anxiety scores in healthy young
women. Elevated Cho/Cr and Myo-In/Cr ratios may re-
flect neurochemical processes linked to affective variabil-
ity, suggesting that glial and membrane-related metabo-
lites contribute to emotional functioning even in nonclinical
populations.

By employing a homogeneous cohort and stan-
dardized imaging protocols, we minimized several po-
tential confounders and improved the interpretability of
metabolite–emotion associations. While these findings pro-
vide preliminary insight into neurochemical correlates of
affective states, they should be interpreted cautiously given
the methodological constraints and the mixed results re-
ported in the broader clinical literature.

The potential translational value ofMRS-based neuro-
chemical profiling for mental health monitoring is promis-
ing but remains exploratory. Future research should val-
idate these observations in larger and more diverse sam-
ples, incorporate longitudinal designs to clarify temporal re-
lationships, and apply more rigorous MRS quality-control
procedures. Such work will be essential for determin-
ing whether metabolite patterns can reliably inform early
identification of emotional vulnerability and contribute to
emerging precision mental health approaches.
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