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Abstract

Objective: To determine if a 12-week yoga intervention (YI) was associated with increased gamma ami-
nobutyric acid (GABA) levels and decreased depressive symptoms in participants with major depressive
disorder (MDD).

Methods: Subjects were randomized to a high-dose group (HDG) of three YIs a week and a low-dose group
(LDG) of two YIs a week. Thalamic GABA levels were obtained using magnetic resonance spectroscopy at Scan-
1 before randomization. After the assigned 12-week intervention, Scan-2 was obtained, immediately followed by a
YI and Scan-3. Beck Depression Inventory II (BDI-II) scores were obtained before Scan-1 and Scan-3.

Settings/Location: Screenings and interventions occurred at the Boston University Medical Center. Imaging
occurred at McLean Hospital.

Subjects: Subjects met criteria for MDD.
Intervention: Ninety minutes of Iyengar yoga and coherent breathing at five breaths per minute plus homework.
Outcome measures: GABA levels and the BDI-II.
Results: BDI-II scores improved significantly in both groups. GABA levels from Scan-1 to Scan-3 and from Scan-

2 to Scan-3 were significantly increased in the LDG (n = 15) and showed a trend in the total cohort. Post hoc,
participants were divided into two groups based on having an increase in GABA levels at Scan-2. Increases in Scan-2
GABA levels were observed in participants whose mean time between their last YI and Scan-2 was 3.93 – 2.92
standard deviation (SD) days, but not in those whose mean time between their last YI and Scan-2 was 7.83 – 6.88 SD.

Conclusions: This study tentatively supports the hypothesis that one of the mechanisms through which yoga
improves mood is by increasing the activity of the GABA system. The observed increase in GABA levels
following a YI that was no longer observed 8 days after a YI suggests that the associated increase in GABA after a
YI is time limited such that at least one YI a week may be necessary to maintain the elevated GABA levels.
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Introduction

The World Health Organization ranked depression as
the single largest contributor to global disability in

2015.1 Although pharmacologic treatments targeting mono-
amine systems are effective in reducing symptoms of major
depressive disorder (MDD), 40% to 50% of individuals with
MDD do not achieve remission with medication(s) alone.2,3

Individuals with complete remission (asymptomatic recov-
ery) from an MDD episode have a 61% lower risk of recur-
rence, and remain free of relapse or recurrence 4.2 times
longer than those who continue to exhibit subsyndromal
depressive symptoms.2,4 New treatments based on other
mechanisms of action are needed. The monoamine deficit
hypothesis has led to the development of antidepressant
medications; however, it does not explain the delay in
symptom reduction or failure to remit among depressed pa-
tients treated with antidepressants that target monoamine
systems.5

Gamma aminobutyric acid (GABA), an amino acid neu-
rotransmitter, has emerged as a contributing factor in mood
disorders.5 The GABA deficit hypothesis of MDD points to
an association between depressive symptoms and deficits in
the GABA system and the GABAA receptor.6,7 Using mag-
netic resonance spectroscopy (MRS), GABA levels have
been shown to be low in MDD subjects.8,9 This article tests
the hypothesis that a yoga intervention (YI), by addressing
a deficit in the GABA system, would improve depressive
symptoms in MDD.

The connection between the GABA system and depressive
symptoms is supported by the relationship between decreas-
ing progesterone levels and increased depressive symptoms.
Progesterone is metabolized to allopregnanolone, which by
directly binding at GABAA receptors modulates the function
of the GABA system.10 Allopregnanolone has anxiolytic and
antidepressant effects.11 Serum allopregnanolone concentra-
tions temporarily follow changes in progesterone levels dur-
ing the menstrual cycle, but with a 1- to 2-day delay.12

Progesterone is low during the follicular stage, rises in the
midluteal phase, and falls in the late luteal phase before the
onset of menstruation.13 The failure of the GABAA receptor
to adapt to abrupt decreases in progesterone and allopregna-
nolone levels may contribute to postpartum depression
(PPD).14 Brexanolone, a synthetic form of allopregnanolone
and allosteric modulator of the GABAA receptor, has been
approved for the treatment of PPD.15 Premenstrual dysphoric
disorder (PMDD) is characterized by recurrent irritability,
depression, anxiety, and emotional lability during the luteal
phase.16 Serotonin selective reuptake inhibitors (SSRIs) are
used to treat PMDD and MDD.17 Subjects with MDD treated
for 8 weeks with SSRIs, fluoxetine, or citalopram, had in-
creases in occipital cortical GABA levels and decreases in
depressive symptoms.18 The use of SSRIs to treat disorders
related to low progesterone, allopregnanolone, and GABA
levels combined with a delay of clinical improvement for
weeks is consistent with the theory that monoamine antide-
pressants eventually exert their effects by correcting deficits
in the GABA system.7

There is increasing evidence from randomized controlled
trials that YIs are associated with decreased depressive
symptoms.19,20 The mechanisms through which yoga exerts
its effects are relatively unexplored. YIs have been associ-

ated with increased GABA levels in experienced practi-
tioners after a 60-min hatha yoga session, yoga-naive
healthy controls after a 12-week Iyengar YI, and individuals
with MDD after a 12-week Iyengar YI.9,21,22 This study
reports changes in thalamic GABA levels measured by MRS
in participants with MDD randomized to either a high- or
low-dose YI. While this article focuses on changes in
GABA levels, it is part of a larger/parent study that tested
the Vagal-GABA theory.9,21,22 The overall hypothesis is
that an Iyengar YI, including coherent breathing at five
breaths per minute, increases parasympathetic input into the
brain, which is associated with increased GABA levels and
decreased depressive symptoms.

Materials and Methods

Instruments and data management

Study methods and the specifics of the YI, previously
published in detail, are summarized below.23 The Boston
University Medical Center (BUMC) Institutional Review
Board approved this study. Written informed consent was
obtained at the screening interview. The Structured Clin-
ician Interview for DSM-IV Axis I Disorders was used to
diagnose Axis I Disorders.24 The Beck Depression In-
ventory II (BDI-II), a self-report instrument, was used to
assess depressive symptoms.25 The Columbia-Suicide Se-
verity Rating Scale (C-SSRS) was used to assess suicide
risk.26

Study design

The screening and interventions occurred at BUMC. The
imaging occurred at McLean Hospital, Belmont, MA, from
October 2013 to October 2015. Admissions were rolling
with recruitment from the Internet and advertisements.
Phone screens assessed eligibility. In-person screening in-
terviews were conducted by either a clinical psychologist or
psychiatrist who medically cleared participants. Participants
had Scan-1 before being randomized to either a high-dose
group (HDG) or low-dose group (LDG) for the 12-week YI.
The HDG intervention consisted of three 90-min yoga ses-
sions and four 30-min homework sessions per week. The
LDG intervention consisted of two 90-min yoga sessions
and three 30-min homework sessions per week. After the
12-week YI, participants had Scan-2 that was immediately
followed by a 90-min yoga session and then Scan-3 (Fig. 1).

Inclusion and exclusion criteria

At screening, the following inclusion criteria were ini-
tially used: 18 to 55 years old; current diagnosis of MDD,
BDI-II score of ‡14 (mild depression) to <28 (severe de-
pression). Comorbid anxiety disorder(s) were allowable if
they would not interfere with participation. The following
were exclusionary: treatment with antidepressants, benzo-
diazepines, mood stabilizers, or psychotherapy in the 3
months before screening; >6 one-hour mind–body practices
in the last 6 months; current prayer practice >2 h per week;
bipolar illness; history of psychosis; suicide attempt and/or
suicidal ideation within the last year using the C-SSRS
criteria; current alcohol or substance abuse or dependence;
and inability to complete the study protocol.

GABA CHANGES IN MDD 191



The eligibility criteria were found to exclude subjects who
would have been appropriate for the study. To increase re-
cruitment, inclusion criteria were expanded approximately
half-way through the study to remove the BDI-II upper limit
of 28; increase the upper age limit from 55 to 65 years; allow
suicidal ideation without intent but continue to exclude for
suicidal ideation with intent in the prior year (using C-SSRS
criteria); exclude for suicide attempts within the prior year
instead of within the lifetime; and allow subjects on a stable
dose of antidepressant(s) for at least three months at screening
with no anticipated dose changes during the study.

To avoid changes in GABA levels due to menstrual cycle
stage, all females were required to have a serum progesterone
of £0.3 ng/mL, consistent with the follicular stage before
Scan-1. The same level of £0.3 ng/mL was sought before
Scan-2 and 3, but if the scan data would have otherwise been
lost, Scan-2 and 3 were allowed with a serum progesterone of
>0.3 ng/mL if pregnancy tests were negative.

Allocation, randomization, masking, and dosing

The allocation sequence was generated using a permuted
block design (n = 4) by the study statistician and placed in
sealed sequentially numbered envelopes that were opened
by staff at randomization. Subjects could not be blinded to
group assignment. McLean Hospital staff who collected and
analyzed spectral data for GABA levels were blind to group
assignment. BUMC study staff were not blinded to group
assignment. To reduce the risk of outcome assessor bias, the
BDI-II was completed by the participants. Subject compli-
ance was monitored by sign-in sheets at each YI and weekly
self-report forms assessing compliance with homework.

Yoga plus coherent breathing intervention

The manualized 90-min yoga protocol included *60 min of
Iyengar yoga, 10 min of relaxation, and 20 min of a coherent
breathing exercise at five breaths per minute with equal inha-
lation and exhalation paced by an audio file.22 Each homework
assignment consisted of 15 min of postures and 15 min of audio-
paced coherent breathing.27 The complete manual has been
previously published.23 Completers were defined as having
completed at least three evaluations, at baseline, at least one of
the week 4 or 8 evaluations, and the week 12 evaluation.

Magnetic resonance imaging/MRS

Magnetic resonance imaging (MRI) and proton (1H)
MRS scans were acquired on a 4.0-Tesla Varian Unity/IN-
OVA whole-body MRI/MRS scanner (Varian, Inc., Palo
Alto, CA) using a volumetric head coil (XLR Imaging,
London, Canada). Head placement was confirmed before
high-contrast 3D fast low-angle shot T1-weighted images

for voxel placement, followed by global shimming, and
placement of a 20 (left to right) · 20 (inferior to superi-
or) · 30 (anterior to posterior)-mm voxel in the left thala-
mus, whose inferior aspect was aligned with the anterior
commissure–posterior commissure line on sagittal view, and
the medial aspect of the central sulcus and anterior aspect of
the corpus callosum on axial view. The left thalamus was
the region of interest because it is functionally connected to
brain regions associated with mood regulation and provides
high-quality spectral data from deep gray nuclei with high
concentrations of GABA and thus a high GABA signal to
detect changes.28 Due to time constrains, only spectral data
from the left thalamus were obtained.

Difference-edited GABA-optimized spectra were ob-
tained using MEGAPRESS.29–31 The 3.00-ppm GABA
doublet resonance and coedited resonance structures of
glutamate (Glu), glutamine (Gln), N-acetylaspartate (NAA),
and the .93-ppm macromolecule (MM) resonance from
MEGAPRESS 68 msec and difference-edited spectra were
fitted using LCModel.32 GABA metabolite ratios (GABA
levels) were determined using GABA from MEGAPRESS
difference-edited spectra relative to creatine levels derived
from the MEGAPRESS 68 msec spectrum (GABA/Cr ratio).
T1-weighted axial image sets were segmented into gray
matter (GM), white matter (WM), and cerebrospinal fluid
binary-tissue maps (FSL, Oxford, United Kingdom), to ex-
tract tissue percentages for each voxel.33–36 Tissue per-
centages also were compared to confirm reliability of voxel
placement across scans.

Statistics

Study data were analyzed on an intention-to-treat basis us-
ing SPSS v 24 (IBM SPSS Statistics; IBM corp., worldwide).
Between-group comparisons of participant characteristics were
made using Fisher’s exact test for categorical data and two-
sample t-tests for continuous data. Independent samples t-tests
were used to compare GABA levels between the two groups.
One-sample t-tests were used to evaluate changes in GABA
levels between Scans-1 and 2, Scans-2 and 3, and Scans-1 and
3. Effect-size was measured using Cohen’s d, or Hedge’s-g
when group sizes were unequal. Logistic regression and in-
dependent t-tests were used to evaluate potential factors be-
sides yoga dose-group assignment that may effect changes in
GABA levels. P-values for all statistical comparisons were
two-tailed, using an alpha of 0.05 for statistical significance.

Results

Recruitment and demographics

Recruitment resulted in 265 volunteers who were screened
by telephone; of these, 86 participated in an in-person

FIG. 1. Study design. BDI-II, Beck
Depression Inventory II; MRS, magnetic
resonance spectroscopy.
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screening visit, 32 were randomized (16 HDG and 16
LDG), 30 completed the 12-week intervention (15 HDG
and 15 LDG), and 28 completed the second scanning ses-
sion (15 LDG and 13 HDG) that included Scans-2 and 3. A
flow chart of subject recruitment through intervention
completion has already been published.23 The only anxiety
disorder that resulted in exclusion was claustrophobia that
prevented scanning. As reported previously, both groups
were compliant with the assigned dosage, such that the
HDG received significantly more yoga minutes than the
LDG ( p = 0.001).23

One subject in each group was lost to follow-up before
the first assessment (reasons for dropouts unknown). A
comparison of the participant characteristics between the
LDG and HDG is shown in Table 1. Both groups had similar
demographic and health status characteristics, except that
the HDG had a significantly higher percentage of post-
menopausal women ( p = 0.04) and a trend toward lower
basal metabolic index ( p = 0.06). At Scan-1, 23 females and
at Scan-2, 22 females had serum progesterone levels of
£0.3 ng/mL. One LDG female had a serum progesterone
level of 11.45 ng/mL (luteal phase) at Scan-2. A sensitivity
analysis omitting that participant was performed, but did not
alter the interpretation of the results reported below (data
not shown).

MRI/MRS metabolite data

Manual voxel shimming of the thalamic voxel yielded an
average water line width = 9.0 – 2.7 Hz, which did not dif-
fer significantly between groups or across scan sessions.

Within-subject coefficients of variation using this MEGA-
PRESS sequence for GABA acquisition from the thalamus,
according to Licata et al., were 8.6% – 3.3%.34 Average
GABA Cramer Rao lower bounds observed for GABA in
the present study were 8.6% – 3.3%, which did not differ
significantly between groups or scan-time (F2,52 = 2.24,
p = 0.12). GABA was the a priori metabolite of interest.
Other 68 msec ‘‘OFF’’ subspectra metabolites were exam-
ined to verify MRS reliability, and to rule out systematic
metabolite differences. No significant differences appeared
for either group in tissue segmentation data across Scans-1,
2, or 3, for GM content (55.1% – 16.1%, F2,52 = 0.15,
p = .86), confirming reproducibility of the voxel placement
algorithm across MRS sessions.

Changes in thalamic GABA

Mean GABA concentrations for the total cohort, and for
LDG and HDG, are presented in Table 2. Independent
samples t-tests revealed no statistically significant differ-
ences between the LDG and HDG for GABA concentrations
for any of the three scans, although there was a trend at
Scan-3 for higher GABA concentrations in the LDG
( p = 0.087). The percentage change in GABA concentra-
tions between the three scans is shown in Table 3.

Scan-3 - Scan-1. A one-sample t-test comparing the
relative percentage change in GABA from Scan-1 to Scan-3
[(Scan-3 - Scan-1)/Scan-1] for the total cohort showed a
trend for increased thalamic GABA levels at Scan-3
(t = 1.98, df = 27, p = 0.058). When separated into LDG and

Table 1. Participant Characteristics

LDG HDG
DF T-stat chi-sq p-Valuen = 15 n = 13

Age (years, mean – SD) 34.67 – 10.38 39.62 – 15.61 20.39 0.972 0.343
Education (years, mean – SD) 16.67 – 2.16 16.46 – 1.90 26 0.265 0.793
Female (%) 80.0 84.6 1 0.101 0.750
Menopausal (%) 6.7 38.3 1 4.182 0.041*
Caucasian (%) 86.7 69.2 2 2.598 0.273
BMI (mean – SD) 28.08 – 5.63 24.69 – 3.26 26 1.910 0.067**
Baseline BDI score 27.73 – 8.00 24.38 – 7.21 26 1.157 0.258
Days (last class to Scan-2) 7.07 – 7.06 4.54 – 2.79 18.89 1.278 0.217
Antidepressant medication n = 1*** n = 1****

*Significant p < 0.05, **p < 0.10, ***venlafaxine, and ****bupropion.
BDI, Beck Depression Inventory; BMI, body mass index; Chi-Sq, chi-squared; DF, degree of freedom; HDG, high-dose group; LDG,

low-dose group; SD, standard deviation; T-stat, T-statistic.

Table 2. Gamma Aminobutyric Acid Level Summary Statistics

Whole (mean – SD)

Low-dose
group

(mean – SD)

High-dose
group

(mean – SD)
Hedges-g

(effect size) t df p-Value

GABA
Scan-1 0.267 – 0.055 0.255 – 0.063 0.282 – 0.043 0.494 -1.32 26 0.200
Scan-2 0.280 – 0.063 0.278 – 0.061 0.282 – 0.067 0.063 -0.203 26 0.841
Scan-3 0.297 – 0.068 0.317 – 0.073 0.273 – 0.055 0.677 1.780 26 0.087**

**p < 0.10.
GABA, gamma aminobutyric acid; SD, standard deviation.
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HDG, the same comparison showed a statistically significant
increase in GABA for the LDG (t = 2.38, df = 14, p = 0.032),
but not for the HDG (t = -0.372, df = 12, p = 0.716).

Scan-3 - Scan-2. A one-sample t-test comparing the
relative percentage change in GABA from Scan-2 to Scan-3
[(Scan-3 - Scan-2)/Scan-2] for the total cohort showed a
trend for increased GABA concentrations at Scan-3 (t = 1.71,
df = 27, p = 0.099). When separated into LDG and HDG, the
same comparison showed a statistically significant increase
in GABA for the LDG (t = 2.32, df = 14, p = 0.036), but not
for the HDG (t = -0.109, df = 12, p = 0.915). The lack of in-
crease in GABA levels in the HDG group was not explained
by participant characteristics.

Scan-2 - Scan-1. A one-sample t-test comparing the
relative percentage change in GABA from Scan-1 to Scan-2
[(Scan-2 - Scan-1)/Scan-1] for the total cohort was not
statistically significant (t = 1.231, df = 27, p = 0.229). When
separated into LDG and HDG, the same comparison did not
show significant changes in GABA for either group
(t = 1.236, df = 14, p = 0.237, and t = 0.206, df = 12, p = 0.840,
respectively).

Potential factors affecting GABA levels

Of the 28 participants who completed Scan-2, 14 had an
increase in thalamic GABA levels from Scan-1 to Scan-2
(HDG = 7 and LDG = 7) and 14 had a decrease in thalamic
GABA levels from Scan-1 to Scan-2 (HDG = 6 and LDG =
8). Since these findings were unexpected, a logistic re-

gression was performed to determine whether there were
participant characteristics that predicted whether an indi-
vidual was a GABA ‘‘responder’’ (i.e., their GABA levels
increased over the course of the study). Table 4 shows the
results of this analysis. Of the characteristics evaluated, the
number of days between the last YI and Scan-2 was sig-
nificantly associated with increases in GABA levels from
Scan-1 to Scan-2 (b = 0.392, standard error of the mean
[SEM] –0.171, p = 0.022). Using the independent t-test,
those participants whose GABA levels were higher at Scan-
2 than Scan-1 had an average of 3.93 – 2.92 days between
the last YI and Scan-2. The average time between the last YI
and Scan-2 for those participants whose GABA levels did
not increase was 7.83 – 6.88. This difference in days be-
tween last YI and Scan-2 approached significance (t = -1.97,
df = 17.54, p = 0.065). There was also a trend in that par-
ticipants with higher BDI-II scores at baseline were more
likely to have increased GABA levels at Scan-2 (b = 0.137,
SEM –0.077, p = 0.077).

BDI-II scores and relationship with GABA levels

The results of the BDI-II have been previously published
but are provided as context for the changes in GABA levels
in Table 5.37 Pearson correlation analysis was used to
evaluate the relationship between BD-II scores and GABA
levels at Scan-1, Scan-3, and percentage change between
Scans-1 and 3. At Scan-1 and Scan-3 time points, there were
no statistically significant relationships between BDI scores
and GABA levels for the total group, HDG, or LDG. When
the relationship between changes in BDI-II scores at the
Scan-1 and Scan-3 time points was compared with changes
in GABA levels between the two scans, results showed no
significant relationship for the total group or the LDG. There
was, however, a statistically significant inverse relationship
between changes in BDI scores and GABA levels for the
HDG (Pearson corr. = -0.562, p = 0.045). This means that as
GABA levels increased, depressive symptoms decreased.

Two participants were on antidepressants at randomization
and study conclusion. Participant-1 was taking venlafaxine.
Participant-2 was taking bupropion. Both had decreases
in their BDI-II scores from 40 to 14 and from 16 to 9,
respectively.

Discussion

In summary, the LDG exhibited a significant increase in
GABA levels from Scan-1 to Scan-3 and from Scan-2 to
Scan-3. There were also trends for the total cohort to have
an increase in GABA levels from Scan-1 to Scan-3 and from

Table 3. Percentage Change in Gamma Aminobutyric Acid Levels

GABA % D – SD

Scan-3 - Scan-1 Scan-3 - Scan-2 Scan-2 - Scan-1

t df Cohen’s d p % D – SD T df Cohen’s d p % D – SD t df Cohen’s d p

Total 17.24 – 46.03 1.98 27 0.375 0.058** 8.80 – 27.28 1.71 27 0.323 0.099 11.54 – 49.59 1.23 27 0.233 0.229
LDG 34.03 – 55.39 2.38 14 0.614 0.032* 17.05 – 28.43 2.32 14 0.600 0.036* 20.32 – 63.66 1.24 14 0.319 0.237
HDG -2.14 – 20.70 -0.37 12 0.103 0.716 -0.71 – 23.41 -0.11 12 0.030 0.915 1.40 – 24.44 0.21 12 0.057 0.840

*Significant p < 0.05, **p < 0.10.
GABA, gamma aminobutyric acid; HDG, high-dose group; LDG, low-dose group; SD, standard deviation; t, one-sample-t-test.

Table 4. Participant Characteristics and Increases

in Gamma Aminobutyric Acid Levels Between

Scans-1 and 2

b SEM p-Value

Last class—Scan-2 (days) -0.392 0.171 0.022*
Menopausal (yes/no) -2.588 2.407 0.282
Age -0.098 0.076 0.198
Male (yes/no) -1.906 1.701 0.263
Education (years) 0.055 0.237 0.815
Caucasian (yes/no) 0.214 1.217 0.860
BMI -0.154 0.115 0.179
BDI-II baseline score 0.137 0.077 0.077**
Cumulative yoga minutes -0.001 0.000 0.149

*Significant p < 0.05, **p < 0.10.
BDI-II, Beck Depression Inventory II; BMI, basal metabolic

index; SEM, standard error of the mean.
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Scan-2 to Scan-3. The lack of statistically significant within-
group difference in GABA levels between Scan-1 and Scan-
2 may be explained by the differences in length of time
between the last yoga session to Scan-2. The difference
between Scan-1 and Scan-3 reflects both the 12-week YI
and the immediate effect of a yoga class. Table 1 shows that
the days from the last yoga class to Scan-2 were not sta-
tistically significant between groups. However, on average,
it was the participants with the shorter time interval between
the last yoga class and Scan-2 who were statistically more
likely to show increases in GABA levels at Scan-2, with the
number of subjects who had increases in GABA levels at
Scan-2 evenly distributed between the HDG (n = 7) and the
LDG (n = 7). This suggests that the time from the last yoga
class to scanning may have a greater association with in-
creased GABA levels than assignment to the HDG or LDG.
This would be consistent with the observed increase from
Scan-2 to Scan-3. It is probable that the effects of yoga
sessions, like pharmacologic treatments, are time limited.
The yoga tradition advocates daily practice. The increase in
GABA levels seen after a YI was observed after an average
of 4 days, but no longer observed after an average of 8 days.
These findings suggest that at least one yoga session a week
may be necessary to maintain elevated GABA levels.

No significant correlations were observed between BDI-II
scores and GABA levels for the total group. However, there
was a significant association between changes in BDI-II
scores and changes in GABA scores in the HDG, consistent
with the GABA deficit hypothesis of depression.6,7 In pre-
vious studies, GABA levels increased and depressive
symptoms decreased after SSRI treatment of participants
with MDD, but no correlation between GABA levels and
depressive symptoms was found.18 The lack of correlation
between BDI-II scores and GABA levels could be due to the
discrepancy in the time periods represented, with the BDI-II
covering a 2-week period and GABA levels reflecting the
current state. The two participants who did not achieve full
remission despite treatment with antidepressants had clini-
cally significant decreases in their depressive symptoms
when the YI was added to their treatment.

Study strengths include a randomized controlled trial in
which the primary dependent variable (thalamic GABA
levels) was obtained and analyzed by staff who were blind
to group assignment. All females, except one, were scanned
in the follicular stage for all three scans, such that changing
progesterone levels were not a confounding variable with
regard to GABA levels.

Future studies would benefit from a larger sample size, a
control group, the administration of a clinician-administered
depression scale by a blinded rater. The use of a reliable and

valid self-assessment questionnaire, the BDI-II, mitigated
the lack of a blinded rater. MRS is limited by only mea-
suring the presence of GABA, not cellular location or re-
ceptor activity. The lack of bilateral thalamic data prevented
the examination of lateralized changes. This article only
addresses changes in GABA levels; other factors that could
be related to changes in depressive symptoms in this study
have been previously reported.9,22,28,37,38

Conclusions

Given the small sample size, tentative support is provided
for the hypothesis that one of the mechanisms through
which yoga plus coherent breathing affect mood is through
increasing GABA levels. For the post hoc analysis, the re-
sponders, defined as an increase in GABA from Scan-1 to
Scan-2, had on average a 4-day interval between the last
class and Scan-2; the nonresponders had on average an
8-day interval. However, 4 versus 8 days should not be used
as hard cutoffs due to the overlap in those ranges. It must be
considered that the time from the last yoga class to scanning
had a greater association with increased GABA levels than
group assignment. This observation provides tentative sup-
port that a yoga practice of at least once a week would be
needed to sustain elevated GABA levels.
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