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1. Supplementary Materials and Methods
Supplementary Table 1 provides a detailed overview of the acquisition and processing parameters according to the expert consensus recommendations on minimum reporting standards for in vivo Magnetic Resonance Spectroscopy (Lin et al. 2021).

	Supplementary Table 1. 
Minimum Reporting Standards in Magnetic Resonance Spectroscopy checklist.

	Hardware

	a. Field strength
	3T

	b. Manufacturer
	Siemens

	c. Model (software version if available)
	Prisma Fit, VE11E

	d. RF coils: nuclei (transmit/receive), number of channels, type, body part
	1H (receive), 64 channels, head/neck, Siemens

	e. Additional hardware
	None

	Acquisition

	a. Pulse sequence
	MEshcher-GArwood Point RESolved Spectroscopy (MEGA-PRESS) to measure macromolecular-contaminated gamma Aminobutyric acid (GABA+) and Glutamine plus Glutamate (Glx) levels 

	b. Volume of Interest (VOI) locations
	Anterior cingulate cortex, occipital cortex, Precuneus

	c. Nominal VOI size
	30 × 30 × 25 mm³

	d. Repetition Time (TR), Echo Time (TE)
	TR/TE=1500/68 ms

	e. Total number of Excitations or acquisitions per spectrum
	128 averages

	f. Additional sequence parameters (spectral width in Hz, number of spectral points, frequency offsets); If STEAM: Mixing Time TM; If MRSI: 2D or 3D, FOV in all directions, matrix size, acceleration factors
	MEGA-PRESS sequence was used with spectral bandwidth = 1200 Hz, and 512 data points. Editing pulse (duration: 13.8 ms; bandwidth: 49 Hz; delta frequency: -2.8ppm) was applied at 1.9 ppm for the edit-ON condition and at 7.5 ppm for the edit-OFF condition

	g. Water Suppression Method
	A modified Water suppression Enhanced through T₁ effects (WET) approach was applied, using a CHEmical Shift Selective (CHESS) pulse.

	h. Shimming Method, reference peak, and thresholds for “acceptance of shim” chosen
	Vendor-provided automated shimming followed by manual shimming to achieve < 24 Hz Full Width at Half Maximum (FWHM) for the water peak

	i. Triggering or motion correction method (respiratory, peripheral, cardiac triggering, incl. device used and delays)
	None

	Data analysis methods and outputs

	a. Analysis software
	Gannet GABA analysis toolkit v. 3.1.5

	b. Processing steps deviating from quoted reference or product
	None

	c. Output measure (eg, absolute concentration, institutional units, ratio)
	Water-referenced measurements were reported in institutional units (with the exception of the uncorrected and cerebrospinal-fluid–corrected GABA+/Water and Glx/Water signal-integral ratios), along with signal-integral ratios referenced to creatine (Cr)

	d. Quantification references and assumptions, fitting model assumptions
	Water referencing was performed by assuming a pure-water molecular concentration of 55.51 mol/kg (see Section 2.4 of the main text for details).

	Data Quality

	a. Reported variables (SNR, Linewidth (with reference peaks))
	SNR for GABA+ and Glx, and linewidths as FWHM of Cr and water

	b. Data exclusion criteria
	Percentage fit error of GABA+ or Glx > 20% and linewidth of Cr > 20 Hz and linewidth of water > 25 Hz

	c. Quality measures of postprocessing Model fitting (eg, CRLB, goodness of fit, SD of residual)
	Percentage fit error and linewidth of Cr and water

	d. Sample Spectrum See
	Figure 1.



2. Supplementary results
2.1. Spectral quality control
Quality control parameters were comparable across the test and retest sessions, except for the Glx fit error in the PrC, where both water- and Cr-referenced values showed session-related differences. The detailed results are provided in Supplementary Table 2.
	Supplementary Table 2. 
Spectral quality control measures in the spectroscopic voxels for test and retest measures.
	
	

	
	ACC
	OCC
	PrC

	
	Test (n=6)
	Retest (n=6)
	Difference*
	Test (n=10)
	Retest (n=10)
	Difference*
	Test (n=10)
	Retest (n=10)
	Difference*

	GM fraction
	0.54 (0.52-0.57)
	0.55 (0.52-0.57)
	0.6875
	0.61 (0.60-0.63)
	0.62 (0.60-0.63)
	0.8457
	0.54 (0.48-0.57)
	0.54 (0.48-0.57)
	0.4316

	WM fraction
	0.30 (0.27-0.35)
	0.29 (0.27-0.33)
	>0.9999
	0.29 (0.27-0.30)
	0.28 (0.26-0.29)
	0.8457
	0.32 (0.29-0.37)
	0.32 (0.29-0.38)
	0.6250

	CSF fraction
	0.15 (0.13-0.16)
	0.15 (0.14-0.16)
	0.8125
	0.10 (0.10-0.13)
	0.10 (0.09-0.12)
	0.9395
	0.14 (0.12-0.17)
	0.12 (0.10-0.14)
	0.4453

	FWHM of water during manual shimming (Hz)
	17.90 (17.25-20.30)
	17.75 (16.28-20.78)
	0.4375
	13.45 (13.13-14.53)
	13.65 (12.98-14.65)
	0.8359
	12.30 (12.08-12.73)
	12.45 (12.15-12.88)
	0.8516

	LW Water (Hz)
	12.85 (11.89-13.81)
	12.63 (11.11-14.30)
	0.6562
	9.55 (9.23-9.78)
	9.25 (8.87-9.51)
	0.3223
	9.16 (8.96-9.34)
	9.06 (8.85-9.26)
	0.6797

	LW Cr (Hz)
	12.12 (10.73-13.66)
	11.72 (10.72-13.38)
	0.6875
	8.73 (8.50-9.12)
	8.73 (8.62-9.14)
	0.2324
	8.29 (8.07-8.38)
	8.40 (8.09-8.72)
	0.1309

	Fit error GABA+,Water (%)
	6.47 (4.43-7.18)
	4.76 (4.07-5.92)
	0.4375
	4.93 (3.80-7.06)
	4.16 (3.61-6.37)
	0.7695
	5.47 (3.90-9.05)
	4.82 (4.33-7.38)
	0.3750

	Fit error GABA+,Cr (%)
	6.49 (4.43-7.31)
	4.81 (4.22-5.94)
	0.4375
	5.02 (3.96-7.15)
	4.32 (3.78-6.45)
	0.6953
	5.59 (4.08-9.11)
	4.99 (4.51-7.47)
	0.3750

	Fit error Glx,Water (%)
	8.14 (5.72-11.87)
	7.54 (3.89-8.63)
	0.2188
	6.55 (5.66-10.09)
	5.85 (4.81-10.30)
	0.6953
	5.69 (4.67-15.06)
	4.68 (4.18-7.81)
	0.0371

	Fit error Glx,Cr (%)
	8.19 (5.87-11.89)
	7.58 (4.11-8.65)
	0.2188
	6.63 (5.78-10.14)
	5.94 (4.94-10.35)
	0.6953
	5.82 (4.82-15.11)
	4.83 (4.36-7.90)
	0.0371

	SNR GABA+
	24.0 (20.0-31.5)
	25.5 (20.3-33.3)
	0.5625
	22.0 (20.0-25.0)
	22.5 (19.8-27.0)
	0.9883
	22.5 (19.0-25.5)
	17.5 (16.0-24.3)
	0.0625

	SNR Glx
	16.0 (11.5-31.0)
	19.5 (12.8-33.8)
	0.1250
	15.0 (13.8-16.5)
	15.5 (13.0-18.3)
	0.7500
	19.5 (13.3-24.8)
	17.5 (15.5-26.3)
	0.8359

	*P-values from Wilcoxon matched-pairs signed rank test. Data is presented in median (interquartile range)
Statistically significant p-values are indicated in bold.
Abbreviations: ACC: Anterior cingulate cortex; OCC: Occipital cortex; PrC: Precuneus; GM: Gray matter; WM: White matter; CSF: Cerebrospinal fluid; FWHM: Full width at half maximum; LW: linewidth; Cr: Creatine; GABA+: gamma Aminobutyric acid plus co-edited macromolecules; Glx: combined glutamate and glutamine signal SNR: Signal-to-Noise ratio
	




2.2. Test-retest reliability
Detailed test and retest data are presented in Supplementary Table 3.
	Supplementary Table 3. 
Water- and creatine-referenced test–retest GABA+ and Glx data in the ACC, OCC, and PrC regions, presented with and without corrections for tissue composition, water and metabolite partial volume effects.

	
	ACC
	OCC
	PrC

	Metabolite
	test (n=6)
	retest (n=6)
	test (n=10)
	retest (n=10)
	test (n=10)
	retest (n=10)

	GABA+/Water uncorrected
	0.8135 (0.6744–1.0867)
	0.8453 (0.6609–1.2040)
	0.6068 (0.5608–0.7097)
	0.6162 (0.4827–0.7424)
	0.4627 (0.3861–0.6743)
	0.5559 (0.3882–0.6669)

	GABA+/Water a
	0.9178 (0.7975–1.2927)
	0.9870 (0.7885–1.4226)
	0.7211 (0.6143–0.7882)
	0.7000 (0.5468–0.8227)
	0.5331 (0.4407–0.7696)
	0.6311 (0.4301–0.7700)

	GABA+/Water b
	2.8407 (2.4729–4.0076)
	3.0591 (2.4445–4.4101)
	2.2331 (1.9000–2.4393)
	2.1393 (1.6928–2.5492)
	1.6525 (1.3632–2.3836)
	1.9539 (1.3341–2.3852)

	GABA+/Water c
	2.5775 (2.2224–3.5187)
	2.7781 (2.1344–3.9016)
	1.9053 (1.6776–2.1249)
	1.8900 (1.4870–2.2409)
	1.5542 (1.2307–2.0912)
	1.7323 (1.2327–2.1480)

	GABA+/Water d
	2.1262 (1.8333–2.9026)
	2.2916 (1.7606–3.2184)
	1.5717 (1.3668–1.7528)
	1.5635 (1.2266–1.8509)
	1.2456 (1.0136–1.7250)
	1.4290 (1.0168–1.7719)

	GABA+/Cr uncorrected
	0.1171 (0.1042–0.1539)
	0.1180 (0.0972–0.1447)
	0.1176 (0.1079–0.1268)
	0.1160 (0.0944–0.1237)
	0.1107 (0.0812–0.1237)
	0.1163 (0.1091–0.1195)

	GABA+/Cr %
	0.1387 (0.1152–0.1812)
	0.1382 (0.1159–0.1705)
	0.1320 (0.1196–0.1423)
	0.1284 (0.1050–0.1451)
	0.1303 (0.0988–0.1423)
	0.1322 (0.1264–0.1366)

	
	
	
	
	
	
	

	Glx/Water uncorrected
	1.3742 (1.2080–2.0780)
	1.5043 (1.3026–2.3032)
	1.1580 (1.0416–1.5426)
	1.2101 (1.1243–1.8262)
	1.4681 (0.9337–1.9904)
	1.4563 (1.0718–1.6248)

	Glx/Water a
	1.5525 (1.4240–2.4770)
	1.7635 (1.5300–2.7420)
	1.3654 (1.1799–1.6793)
	1.3442 (1.2556–2.0243)
	1.6615 (1.1408–2.2892)
	1.6851 (1.2359–1.8542)

	Glx/Water b
	4.8050 (4.4146–7.6797)
	5.4661 (4.7421–8.5003)
	4.2269 (3.6500–5.1980)
	4.1324 (3.8450–6.2639)
	5.1441 (3.5442–7.0905)
	5.2177 (3.8287–5.7410)

	Glx/Water c
	4.3770 (3.9145–6.7396)
	4.9336 (4.2653–7.4275)
	3.6014 (3.2209–4.5703)
	3.6170 (3.3513–5.4735)
	4.5540 (3.2574–6.3585)
	4.6267 (3.4598–5.2567)

	Glx/Water d
	3.6106 (2.3848–5.5594)
	4.0697 (3.5185–6.1269)
	2.9708 (2.6422–3.7000)
	2.9836 (2.7645–4.6038)
	3.7566 (2.6516–5.2451)
	3.8165 (2.8540–4.3362)

	Glx/Cr uncorrected
	0.0568 (0.0494–0.0718)
	0.0671 (0.0576–0.0737)
	0.0673 (0.0596–0.0688)
	0.0690 (0.0614–0.0716)
	0.0807 (0.0777–0.0894)
	0.0799 (0.0750–0.0862)

	Glx/Cr a
	0.0668 (0.0544–0.0856)
	0.0788 (0.0675–0.0874)
	0.0742 (0.0675–0.0790)
	0.0779 (0.0691–0.0820)
	0.0947 (0.0911–0.1018)
	0.0920 (0.0819–0.1002)

	Data is presented in median (interquartile range). Water-referenced metabolite measurements (except uncorrected- and cerebrospinal fluid corrected GABA+/Water and Glx/Water signal integral ratios) are in institutional units, while creatine-referenced values represent signal integral ratios.
a Estimated metabolite ratio corrected for cerebrospinal fluid fraction.
b Estimated metabolite concentration corrected for partial volume effects of water.
c Estimated metabolite concentration corrected for partial volume effects of water and metabolite.
d Estimated metabolite concentration corrected for partial volume effects of water and metabolite and adjusted to the average voxel gray matter and white matter composition across our final study sample of 59 heathy subjects.
Abbreviations: ACC: Anterior cingulate cortex; OCC: Occipital cortex; PrC: Precuneus; GABA+: gamma Aminobutyric acid plus co-edited macromolecules; Cr: Creatine; Glx: combined glutamate and glutamine signal
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