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Abstract

Background: As an adjunct to antidepressant treatment, Tai Chi Chih (TCC) is superior to health
education and wellness (HEW) training in improving the general health of patients with geriatric
depression (GD). This study investigated the brain connectivity changes associated with TCC and
HEW in combination with antidepressant treatment in patients with GD.

Methods: Forty patients with GD under stable antidepressant treatment underwent TCC training
(n =21) or HEW training (n = 19) for 12 weeks, and completed baseline and 3-month follow-up
resting state magnetic resonance imaging scans. Within-group and between-group differences in
parcel-to-parcel connectivity changes with intervention were evaluated by general linear modeling.
Relationships between significant connectivity changes and symptom/resilience improvement
were evaluated by partial least squares correlation analysis.

Results: Significantly greater increases in connectivity with TCC than with HEW (FDR-

corrected p < .05) were observed for 167 pairwise connections, most frequently involving the
default mode network (DMN). In both groups, increased connectivity involving largely DMN
regions was significantly and positively correlated with improvement in symptoms/resilience.

Limitations: The sample size was relatively small, mainly due to neuroimaging contraindications
(e.g., implants). Additionally, the standard antidepressant treatment varied greatly among patients,
adding heterogeneity.
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Conclusions: Non-pharmacological adjuncts, such as TCC, may enhance DMN connectivity
changes associated with improved depressive symptoms and psychological resilience in the
treatment of GD.
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1. Introduction

Geriatric depression (GD) is associated with significant medical comorbidity, cognitive
impairment, and suboptimal treatment response compared to that in younger adults with
depression (Lenze et al., 2008; Mitchell and Subramaniam, 2005). More efficacious
treatments to improve mood, cognition, and the quality of life in GD are urgently needed.
As mind-body interventions, such as Tai Chi, can reduce negative emotions and systemic
inflammation, and improve physical and psychological wellbeing (Abbott and Lavretsky,
2013; Bower and Irwin, 2016; Ibanez et al., 2020; Laird et al., 2018; Lavretsky et al., 2011;
Solloway et al., 2016; Wang et al., 2010; Zhang et al., 2019), and show beneficial effects
on depression, anxiety, and general stress management (Wang et al., 2014), they comprise a
promising adjunct treatment to antidepressants to improve treatment efficacy.

We previously reported the results of a 3-month randomized single-blind controlled trial of
Tai Chi Chih (TCC), a brief manualized version of Tai Chi practice, versus health education
and wellness (HEW) training in older depressed adults stable on standard antidepressant
therapies for at least four months. We found that both TCC and HEW, in combination

with standard antidepressant treatment, improved depressive symptoms and psychological
resilience, with TCC superior to HEW in improving general health (Lavretsky et al., 2022).
However, the neural mechanisms underlying these improvements remain unknown.

Numerous studies on major depressive disorder (MDD) have indicated that depression is
generally associated with dysconnectivity, especially among brain regions in the frontal
cortex, default mode network (DMN), and cerebellum (Abdallah et al., 2017a; Abdallah

et al., 2017b; Kraus et al., 2020; Li et al., 2018; Murrough et al., 2016). Additionally, in

a recent study on MDD, patients with higher levels of peripheral inflammatory markers (C-
reactive protein, interleukin-6, neutrophils) showed greater dysconnectivity mainly involving
DMN and ventral attentional network regions (Aruldass et al., 2021). Such dysconnectivity
may disrupt interoceptive processes linked to emotional regulation and motivation (Aruldass
etal., 2021; Craig, 2002; Critchley and Garfinkel, 2017; Quadt et al., 2018). Thus, reversing
brain dysconnectivity may be a treatment target. Based on this information, we hypothesized
that TCC may increase connectivity, especially involving DMN regions, and that these
increases would be associated with symptom improvement.

Therefore, we evaluated the effect of TCC, as an adjunct to antidepressant treatment, on
intrinsic brain connectivity.

J Affect Disord. Author manuscript; available in PMC 2023 May 13.
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2. Materials and methods

2.1. Participants

Participants comprised older adults with MDD under stable antidepressant treatment who
participated in a parent randomized controlled trial (RCT; NCT02460666) of (TCC) versus
HEW training (as an active control for non-specific attention and social support effects). A
subsample of these participants (TCC, n = 21, mean age + standard deviation [SD] = 67.1 +
7.4 years, 81 % females, HEW, n = 19, mean age + SD = 68.2 + 5.6 years, 79 % females)
completed resting state magnetic resonance imaging (rsMRI) at baseline and 3 months

of follow up (Table 1). Eligibility criteria for the RCT were as follows: age = 60 years;

a diagnosis of MDD according to Diagnostic and Statistical Manual (DSM-5) diagnostic
criteria;(American Psychological Association, 2013) a score of =15 on Hamilton Depression
Rating Scale (HAMD);(Hamilton, 1960) absence of dementia (i.e. a score of =25 on the
Mini-Mental State Examination and no established diagnosis of dementia). (Folstein et al.,
1975) Exclusion criteria were as follows: a history of psychiatric disorders over than MDD,
comorbid anxiety, or insomnia; acute, severe, or unstable medical illness; and a diagnosis
of moderate to severe cognitive impairment. Additionally, participants who consented to the
neuroimaging component could not have any MRI-incompatible implants or other imaging
contraindications. Participants were stable on one or more antidepressants for at least 4
months before starting the trial. All participants were TCC naive and did not have any other
ongoing mind-body practices. Additionally, participants were asked not to initiate any new
mind-body classes for the duration of the study.

The study was approved by the UCLA Institutional Review Board, and written informed
consent was obtained from all participants.

2.2. Study design

Participants were randomized (1:1) to undergo TCC or HEW for 12 weeks. Classes (60 min/
week) were held in person, with the exception of the last recruited cohort, which received

6 in-person classes and 6 virtual classes due to a COVID-19 quarantine order on March 17,
2020. Participants were required to attend 9 of the 12 total weekly classes.

In the TCC group, participants were informed that TCC constitutes a health management
intervention, incorporating meditation and physical activity to promote a sense of well-being
and control over negative symptoms associated with depression. The TCC protocol was
adapted from “Tai-Chi-Chih! Joy Through Movement” (Stone, 1996). Each class allowed

10 min of warm-up (e.g., stretching, breathing) and 5 min of cool down. Additionally,
participants were instructed to practice at home for at least 20 min per day using handouts.

In the HEW group, participants were informed the HEW intervention was designed to
help reduce the severity of depressive symptoms. The HEW protocol followed a manual

of educational information and learning objectives and patient activities to promote the
integration of material. Additionally, participants were instructed to practice at home by
performing computer searches on health topics discussed in the session for 20 min per day,
which was then discussed at the next class. The HEW condition served as an active control
for nonspecific treatment elements such as attention and group support that could pose

J Affect Disord. Author manuscript; available in PMC 2023 May 13.
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rival explanations for the effectiveness of TCC. This novel use of a non-exercise control
intervention, which matched the TCC intervention in duration, frequency and social contact,
represents an important methodological advancement (Lawlor and Hopker, 2001).

Additional details regarding the non-imaging portion of the study design can be found in our
previous publication (Lavretsky et al., 2022).

Participants completed rsMRI scanning and behavioral assessments at baseline, i.e., before
intervention initiation, and at 3 months, after completing the intervention. Depressive
symptom severity was assessed by the HAMD (Hamilton, 1960) and Geriatric Depression
Scale (GDS) (Yesavage, 1988). Symptom improvement scores were calculated as follows:
(-1 x (3-month score — baseline score)). Resilience was assessed by the Connor-Davidson
Resilience Scale (CDRISC) (Connor and Davidson, 2003). Improvement in resilience was
calculated as follows: (3-month CDRISC score — baseline CDRISC score).

2.3. Neuroimaging

MRI-eligible participants underwent scanning at baseline and the 3-month follow up. High-
resolution T1-weighted and T2-weighted MR images and resting-state BOLD images were
collected using a Prisma-fit system (Siemens, Erlangen, Germany) with a 32-channel head
coil. The multi-echo MPRAGE scan was collected using the following parameters: isotropic
0.8-mm3 voxels; 208 slices; TR: 2400 ms; TE: 2.24 ms; TI: 1060 ms; FoV read: 256 mm;
matrix size: 256 x 240 mm; and flip angle: 8 degrees. The T2-weighted SPC scan was
performed with the following parameters: isotropic 0.8-mm?3 voxels; 208 slices; TR: 3200
ms; TE: 564 ms; FoV read: 256 mm; matrix size: 256 x 240 mm; and flip angle: 8 degrees.
Resting-state scans (eyes open, blinking freely) were collected in both anterior-posterior and
posterior-anterior directions (5.2 min each; total scan time, 10.4 min) using the following
parameters: isotropic 2.0-mms3 voxels; 72 slices; TR: 720 ms; TE: 37.0 ms; FoV read: 208
mm; matrix size: 208 x 208 mm; and flip angle: 52 degrees.

Imaging data were pre-processed with the minimal Human Connectome Project (HCP)
pipeline, including structural preprocessing of the T1-weighted and T2-weighted images by
PreFreeSurfer, FreeSurfer, and PostFreeSurfer and functional preprocessing of the BOLD
images by fM-RIVolume and fMRISurface, followed by denoising using multi-run ICAFIX.
(Glasser et al., 2018; Glasser et al., 2016a; Glasser et al., 2016b; Glasser et al., 2013;
Robinson et al., 2018) The denoised and normalized resting-state images were parcellated
according to the Cole-Anticevic Brain Network Parcellation (CAB-NP) atlas (Ji et al.,
2019). This atlas extends the HCPMMP atlas by including a fine-grained parcellation of
subcortical regions. The CAB-NP atlas comprises 360 cortical and 358 subcortical parcels,
with each parcel assigned to one of 12 major networks (specifically, the DMN, auditory
network, frontoparietal network [FPN], language network, dorsal attention network, cingulo-
opercular network, sensorimotor network, posterior multimodal network, ventral multimodal
network, primary visual network, and secondary visual network) (Ji et al., 2019). For

each participant, normalized (Fisher’s z-transformed) pairwise correlations between parcel
time-series were computed, creating 718 x 718 connectivity matrices for each scan (pre- and
post-intervention). Finally, the change in connectivity was calculated by subtracting these
matrices (post-intervention minus pre-intervention).

J Affect Disord. Author manuscript; available in PMC 2023 May 13.
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2.4, Statistical analysis

Group differences in clinical characteristics were evaluated using the non-parametric
Kruskal-Wallis test for continuous variables and Fisher’s exact test for categorical variables.
Group differences in post-intervention HAMD/GDS/CDRISC scores were evaluated in
general linear models controlling for pre-intervention values. Statistical analyses were
performed using SPSS version 26 (IBM Corp. Albany, NY).

Within-group and between-group differences in parcel-to-parcel connectivity changes with
intervention were evaluated by general linear modeling, with correction for multiple
comparisons (10,000 permutations; false discovery rate [FDR]) and adjustment for sex and
age using GraphVar (Waller et al., 2018). Pairwise connections showing significant group
differences in the change in connectivity were further evaluated by partial least squares
correlation analysis, a multivariate analytical approach that identifies relationships between
patterns in two or more blocks of variables (McIntosh and Lobaugh, 2004). In the present
analysis, one block of variables comprised improvements in symptoms (HAMD and GDS)
and resilience (CDRISC) and the other block comprised the change in connectivity for
pairwise connections of interest. Latent variables (or linear combinations of the original
variables), are derived from each block such that they have maximal covariance with each
other. Partial least squares correlation analysis was implemented in Matlab using plscmd
scripts, with boot-strap estimation (5000 samples) (https://www.rotman-baycrest.on.ca). P-
values <.05 were considered significant.

3. Results

3.1. Demographic and clinical data

Baseline demographics and clinical data, including pre-intervention and improvement
scores, are summarized in Table 1. There were no significant differences between groups
in baseline demographic and clinical characteristics. Additionally, there was no significant
difference between groups in homework compliance (average number of days per week).
The 3-month improvement in depressive symptoms was significantly greater in the TCC
group than in the HEW group for the GDS score (F(1,38) = 7.221; p = .01), and the groups
did not differ in their changes in HAMD or CDRISC measures.

3.2. Connectivity changes

In total, 167 pairwise connections showed a significantly greater increase in connectivity

in the TCC group than in the HEW group (FDR-corrected p < .05). These significant
differences most frequently involved the DMN (Fig. 1). Further, the TCC group showed
numerous significant increases in connectivity (262 connections among ~257 K pairwise
connections), with very few significant decreases. In contrast, the HEW group showed very
few significant increases (5 connections) (Fig. 1).

3.3. Relationships between improvement in clinical scores and connectivity changes

The 262 pairwise connections that showed significantly increases in the TCC group were
submitted to PLSC analysis. In the TCC group, the first latent variable (accounting for
48.2 % of the cross-block correlation) reflected connectivity changes significantly correlated

J Affect Disord. Author manuscript; available in PMC 2023 May 13.
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with improvement in HAMD and CDRISC scores, but not GDS scores (correlation between
latent variable brain scores and behavioral scores: r = 0.53, 95 % confidence interval [CI]:
0.37-0.82, p =.01; r = 0.61, 95 % CI: 0.48-0.86, p = .003; r = 0.22, 95 % CI: —0.04-0.52,

p = .34, respectively). The second latent variable (accounting for 32.0 % of the cross-block
correlation) reflected connectivity changes significantly correlated with improvement in
GDS scores, but not HAMD/CDRISC scores (r = 0.64, 95 % ClI: 0.52-0.86, p = .002; r =
0.14, 95 % CI:—0.20-0.55, p = .38; r = —0.18, 95 % CI: -0.55-0.22, p = .43, respectively).
The pairwise connections reliably contributing to each latent variable (p < .05 by bootstrap
estimation) are shown in Fig. 2A. In the HEW group, the first latent variable (accounting for
42.3 % of the cross-block correlation) reflected connectivity changes significantly correlated
with improvement in GDS and CDRISC scores, but not HAMD scores (r = 0.87, 95 %

Cl: 0.64-0.93, p <.001; r = 0.83, 95 % CI: 0.64-0.92, p < .001; r = 0.09, 95 % ClI:
-0.39-0.56, p = .71, respectively). The second latent variable (accounting for 36.6 %

of the cross-block correlation) reflected connectivity changes significantly correlated with
improvement in HAMD scores, but not GDS/CDRISC scores (r = 0.86, 95 % CI: 0.78-0.95,
p <.001; r=-0.02, 95 % CI: —0.42-0.52, p = .94; r = -0.03, 95 % CI: —-0.42-0.46, p = .90,
respectively). The pairwise connections reliably contributing to the each latent variable (p <
.05 by bootstrap estimation) are shown in Fig. 2B.

4. Discussion

In the present study, we examined the impact of TCC training compared to HEW as an
adjunct treatment to antidepressant medication on brain connectivity in older adults with
depression. In contrast to HEW, TCC training increased connectivity between numerous
regions, especially those of the DMN, and this increased connectivity was associated with
improvements in depressive symptoms and resilience.

The results from the present study are of significance, given the importance of the DMN
in the treatment of GD. The key cortical nodes of the DMN include the precuneus

and posterior cingulate cortex, medial prefrontal cortex, inferior parietal lobe and lateral
temporal cortex. Furthermore, recent research supports the involvement of portions of
the cerebellum and other subcortical structures in the DMN (Ji et al., 2019). The DMN
plays a role in a variety of functions, including social cognition, episodic memory, and
self-referential processes (Greicius and Menon, 2004; Gusnard et al., 2001; lacoboni et
al., 2004). A recent large-scale study reported decreased DMN connectivity as associated
with recurrent major depression and medication usage (Yan et al., 2019). Furthermore,
previous GD treatment studies have reported increased DMN connectivity in posterior
and lateral DMN regions and decreased DMN connectivity in frontal regions following
antidepressant treatment, especially in remitters (Andreescu et al., 2013; Karim et al.,
2017). Additionally, in our previous pharmacological study, greater symptom improvement
following escitalopram treatment in adults with GD and subjective memory complaints
was associated with increased DMN connectivity in posterior and lateral DMN regions,
and this relationship was strengthened with the addition of memantine. Thus, numerous
studies suggest that increased DMN connectivity in posterior/lateral DMN nodes plays a
role in ameliorating depressive symptoms. Consistent with this, the present study found
that increased connectivity involving multiple DMN regions (particularly prefrontal and

J Affect Disord. Author manuscript; available in PMC 2023 May 13.
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cerebellar DMN regions) was associated with improvement in symptoms and resilience in
the TCC group, and, to a more limited extent, in the HEW group.

In the present study, patients with GD who underwent TCC training showed increased
connectivity among regions in the DMN and cingulo-opercular network (also known as
the salience/ventral attention network regions in other atlases), which has previously been
shown to have reduced connectivity in patients with MDD with heightened peripheral
inflammation (Aruldass et al., 2021). Tai Chi interventions, as well as other mind-body
interventions, are reported to affect inflammatory pathways (Bower and Irwin, 2016). For
example, a previous RCT evaluating TCC on circulating inflammatory markers in healthy
older adults showed a greater drop in circulating interleukin-6 with 16 weeks of TCC

than with HEW among those with elevated levels at baseline (Irwin and Olmstead, 2012).
Additionally, in a previous study, we showed a greater decline in C-reactive protein levels
in patients with GD for escitalopram combined with TCC than for escitalopram combined
with HEW (Lavretsky et al., 2011). As the DMN and cingulo-opercular network comprise
an important community in the autonomic connectome (Ruffle et al., 2021), increased
connectivity among DMN and cingulo-opercular network regions with TCC training could
result in changes in inflammatory activity (Bower and Irwin, 2016; Irwin and Cole, 2011).
Future studies are needed to examine the coordination among brain connectivity, symptom,
and inflammatory marker changes with TCC training.

The present study has several limitations to acknowledge. The sample size was relatively
small, as some patients who enrolled in the RCT were unable to participate in the
neuroimaging component due to contraindications (e.g., implants); additionally, some
participants dropped out of the parent study and did not complete follow-up scanning.
Given this small sample size, statistical thresholds were relatively liberal; thus, the results
should be considered as preliminary. Furthermore, although participants were asked to
maintain their usual medications and not start new treatment until the completion of the
study, some participants may have changed medications during the study. In addition,

the standard antidepressant treatment varied greatly among patients, adding heterogeneity.
Furthermore, although both groups were informed that their respective training program
was designed to help with depression symptoms, differences in the expectations may have
existed, potentially influencing the results. Finally, these results may not be representative of
patients with acute medical illness, severe depression, more severe cognitive impairment, or
more demographically diverse samples than the present sample.

5. Conclusion

The present study provides preliminary evidence that non-pharmacological adjuncts, such
as TCC, may enhance DMN connectivity changes in the treatment of GD, which was
associated with improved depressive symptoms and psychological resilience. Future studies
should examine the role of these neural changes in symptomatic improvement over a longer
period of follow up, in a larger number of patients.

J Affect Disord. Author manuscript; available in PMC 2023 May 13.
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TCC>HEW

Fig. 1.
Greater increases in connectivity with T ai Chi Chih training than with health education

wellness training (corrected_p < 0.05). (A) V1, primary visual; V2, secondary visual;

CO, cingulo-opercular; DMN, default mode network; FPN, frontoparietal network; PMM,
posterior multimodal; SM, sensorimotor; DA, dorsal attention; OA, orbito-affective; VMM,
ventral multimodal; Lang, language; Aud, auditory.

J Affect Disord. Author manuscript; available in PMC 2023 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kilpatrick et al.

(A)

Page 13

(B)

¥l
V2

1]

Lamg
FPN

DN
PMM

LelY

Fig. 2.

annectivity changes associated with improvements in symptoms and resilience
(bootstrap_p < 0.05). (A) Dashed lines indicate connectivity increases associated with
improvement in HAMD and CDRISC (first latent variable) and solid lines indicate
connectivity increases associated with improvement in GDS (second latent variable) in the
TCC group. (B) Dashed lines indicate connectivity increases associated with improvement
in GDS and CDRISC (first latent variable) and solid lines indicate connectivity increases
associated with improvement in HAMD (second latent variable) in the HEW group.
HAMD, Hamilton Depression Rating Scale; GDS, Geriatric Depression Scale; TCC, Tai
Chi Chih; HEW, health education and wellness; V1, primary visual; V2, secondary visual,
CO, cingulo-opercular; DMN, default mode network; FPN, frontoparietal network; PMM,
posterior multimodal; SM, sensorimotor; DA, dorsal attention; OA, orbito-affective; VMM,
ventral multi-modal; Lang, language; Aud, auditory.
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Table 1
Demographic and clinical data.
TCC(n=21) HEW (n=19) P-value

Female sex, n (%) 17 (81) 15 (79) 0.59
Age (yrs) 67.1+7.4 68.2+5.4 0.29
Education (yrs) 15.9+2.0 16.1+2.1 0.69
Race, n (%)

White 16 (76) 17 (90) 1.00

Asian 2(10) 1(5)

Black 2(10) 1(5)

Hispanic 1(5) 0 (0)
Homework (d/wk)  4.48+234 4.26 + 3.05 0.92
HAMD

Pre-intervention ~ 18.6 £3.9 18.1+£33 0.64

Post-intervention 8.7 5.9 10.0+45 0.28
GDS

Pre-intervention ~ 15.6 £6.1 142+70 0.58

Post-intervention 9.7 + 6.6 129+73 0.02
CDRISC

Pre-intervention ~ 61.9+13.4 60.6 + 14.6 1.00

Post-intervention  65.0 + 14.5 61.8+14.9 0.51

Page 14

Data are presented as mean + SD, unless otherwise indicated. Group differ- ences in post-intervention scores were evaluated controlling for pre-

intervention values. fIn the TCC group, one participant did not complete the post-intervention language assessment.

Abbreviations: TCC, Tai Chi Chih (TCC); HEW, health education and wellness training; HAMD, Hamilton Depression Rating Scale; GDS,
Geriatric Depression Scale; CDRISC, Connor-Davidson Resilience Scale.
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