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Study Objectives: It is unknown whether sleep quality improvements after repetitive transcranial magnetic stimulation (rTMS) are inherent to the intervention or
related to improvements in depressive symptoms. This retrospective study examined sleep quality in patients with major depressive disorder before and after
treatment with rTMS, adjusting for age, sex, sedative-hypnotic use, number of rTMS treatments, depression severity, and changes in depressive symptoms.
Methods: Adults with major depressive disorder underwent a 6-week course of 10 Hz rTMS over the left dorsolateral prefrontal cortex. Patients completed
the Patient Health Questionnaire-9 depression rating scale and the Pittsburgh Sleep Quality Index before and after treatment. To limit confounding, analysis of
depressive symptoms occurred without item 3 (the sleep item) of the Patient Health Questionnaire-9.
Results: Twenty-one patients completed the study, with a mean (± standard deviation) baseline Pittsburgh Sleep Quality Index score of 12.0 (± 3.8), compared
to 10.5 (± 4.3) posttreatment (P = .01). The mean baseline Patient Health Questionnaire-9 score without item 3 was 17.3 (± 3.0), compared to 12.2 (± 4.9)
posttreatment (P = .0001). Pittsburgh Sleep Quality Index and modified Patient Health Questionnaire-9 changes were uncorrelated in nonadjusted and adjusted
linear regression models and in the Spearman rank-order correlation.
Conclusions: Mood and sleep quality improved independently after rTMS treatment, even after adjusting for age, sex, sedative-hypnotic use, number of rTMS
treatments, and depression severity. These findings suggest that rTMS exerts direct effects on both mood and sleep in patients with major depressive disorder.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: The effects of repetitive transcranial magnetic stimulation (rTMS) on sleep are not well understood, and results
from studies evaluating the effects of rTMS on sleep quality in patients with major depression have been mixed. In particular, it is uncertain whether sleep
benefits from rTMS in patients with major depression are mediated by the intervention itself or by treatment of the underlying mood disorder.
Study Impact: We found that self-reported sleep quality improved after rTMS in patients with major depressive disorder and that this improvement was
independent of changes in mood. This study offers evidence that rTMS may directly alleviate sleep impairment in patients with major depressive disorder.

INTRODUCTION

The effects of repetitive transcranial magnetic stimulation
(rTMS) on sleep are not well understood. rTMS is thought to
affect sleep by regulating altered cortical states and increasing
slow-wave activity, a marker of synaptic strength.1–3 Compared
to healthy control patients or sham stimulation, rTMS has
shown benefit for patients with narcolepsy, restless legs syn-
drome, obstructive sleep apnea, and primary insomnia.4 How-
ever, a recent systematic review of rTMS in primary insomnia
found that 73.5% of the effect of active rTMS was produced by
sham rTMS.5 Although multiple studies have indicated self-
reported sleep improvements after rTMS, objective sleep
improvements, such as those measured by polysomnography
and actigraphy, have been inconsistent.6

Studies exploring the effects of rTMS on sleep quality in
patients with depression have been mixed. Some studies report
that rTMS improves sleep quality in patients with major

depressive disorder (MDD),7,9–12 even in those who experience
no improvements in the underlying mood disorder.13 Others
report that rTMS relieves depressive symptoms yet has no
direct effects on sleep in patients with depression.14,15 The
latter finding has led researchers to conclude that rTMS is
an “arousal-neutral” antidepressant. Biological differences
between primary sleep disorders and sleep impairments in
depression may underpin these divergent findings.16 A compli-
cating factor is the reality that mood, anxiety, and sleep distur-
bances are often bidirectionally related, such that the initial
disturbance or cause-effect relationship may remain
imperceptible.17

Existing literature on rTMS, sleep, and depression points to
several possible pathways. rTMS may have no effect on sleep
in patients with MDD, may improve sleep through a direct
mechanism, or may improve sleep through relief of depression.
Teasing apart this relationship is important both for exploring
rTMS as a future treatment modality for patients with insomnia
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and for treating patients with overlapping sleep and mood
impairments. If sleep alteration is an early marker of depression
recurrence,7 then earlier treatment with a potentially sleep-
modifying modality may lead to better outcomes. This study
sought to evaluate sleep quality in patients with MDD before
and after treatment with rTMS, adjusting for age, sex, sedative-
hypnotic use, number of rTMS treatments, depression severity,
and changes in depressive symptoms, with the hypothesis that
rTMS affects mood and sleep independently.

METHODS

Participants
We conducted a retrospective study of adult patients aged 18 or
older who received rTMS for MDD between January 1, 2020,
and February 28, 2021, at Mayo Clinic in Rochester, Minne-
sota. Patients met the Diagnostic and Statistical Manual of
Mental Disorders, fifth edition, criteria for moderate to severe
MDD and had tried at least 4 antidepressants and psychother-
apy. Only participants who provided consent for research were
included.8 Those who received rTMS with nonstandard param-
eters were excluded, as were those who did not complete both
pre- and posttreatment Patient Health Questionnaire-9 (PHQ-9)
and Pittsburgh Sleep Quality Index (PSQI) rating scales. The
study was carried out in accordance with the latest version of
the Declaration of Helsinki and was approved by our Institu-
tional Review Board.

Rating scales
Depressive symptoms were assessed through the PHQ-9, which
consists of 9 self-rated questions scored from 0–3 points each,
for a total score ranging from 0–27 points.18 The questions
assess anhedonia, mood, sleep, energy, appetite, guilt, concen-
tration, psychomotor agitation or slowing, and suicidal ideation.
Higher scores suggest more severe depression. Scores < 5 are
considered normal. To remove the confounding factor of sleep
in the mood ratings, PHQ-9 item 3, an assessment of sleep
impairment, was removed from the PHQ-9 total score to ana-
lyze mood independently of sleep.

Sleep was assessed through the PSQI, which consists of 19
self-rated questions and 5 questions rated by a bed partner or
roommate, if available.19 Only self-rated questions are scored.
The self-rated questions are combined to form 7 components,
each scored from 0–3 points, for a total score ranging from
0–21 points. The components assess self-reported sleep quality,
sleep latency and duration, habitual sleep efficiency, sleep dis-
turbances, use of sleeping medication, and daytime dysfunc-
tion. Higher scores indicate worse sleep quality. Scores < 5 are
considered normal.

rTMS treatment protocol
The NeuroStar (Neuronetics, Inc., Malvern, PA) device was
used with standard MDD rTMS parameters of 4-second 10 Hz
stimulation trains with 26-second intertrain intervals. Stimula-
tion was applied to the left dorsolateral prefrontal cortex guided
by the 5.5-cm rule, with a target intensity of 120% of the motor

threshold. A total of 3,000 pulses were given daily (Monday–
Friday) within a 37.5-minute treatment window. Up to 30 treat-
ments and 6 taper sessions were offered.

Procedures
The PHQ-9 and PSQI were completed before the initiation of
rTMS, usually on the first day of treatment. Both were com-
pleted at the conclusion of the acute course of rTMS treatments,
immediately after the last treatment. Although the PHQ-9 might
be given again at the end of a taper that followed the acute
course of treatment, the PSQI was not given at the end of a
taper. The PHQ-9 at the end of the acute course was used as the
posttreatment score. Because usual clinical care occurred dur-
ing the course of rTMS, patients could utilize prescribed and
over-the-counter sleep aids as needed.

Outcomes
The primary outcome was a change in sleep quality after rTMS
treatment, as measured by the total PSQI score. Secondary out-
comes were a change in depression severity after rTMS treat-
ment, as measured by the modified PHQ-9, and a change in
PSQI component scores.

Statistical analysis
Data values were reported as mean ± standard deviation. Group
means were compared using paired t tests or 1- or 2-way analy-
ses of variance (ANOVAs) with Bonferroni post hoc correction.
Shapiro-Wilk tests were performed to determine normality.
Cohen’s d values were calculated as the difference in 2 means
divided by the pooled standard deviation.

To identify potential predictors of positive or negative sleep
quality response, post hoc assessments of pre- and posttreat-
ment PSQI scores were performed using paired t tests across
binary subsets of participants. These subsets were defined by
sex, age, depression severity, self-reported sedative-hypnotic
use, and depression response to rTMS. Modified PHQ-9 score
changes were assessed similarly. A cutoff of age 50 years was
chosen because it provided the most even split of participants
(n = 9 participants older than age 50 years, n = 12 participants
younger than age 50 years). Severe depression was defined by
scores of 20 or greater on the original (unmodified) PHQ-9.
Depression response was defined as a reduction in the unmodi-
fied PHQ-9 score by 50% or more. Scores on component 6 of
the PSQI, a measure of frequency of sedative-hypnotic use,
were used to divide the sample into those with less frequent
sedative-hypnotic use (answers of 0 or 1) and those with more
frequent sedative-hypnotic use (answers of 2 or 3).

To evaluate the effects of antidepressant and sedative-
hypnotic medications on the PSQI and modified PHQ-9 score
changes, participants were divided into subgroups based on the
most common regimens used. Outcomes were compared using
a 1-way ANOVA with Bonferroni posthoc correction. Pre- and
posttreatment PSQI component scores were compared using a
2-way ANOVAwith Bonferroni posthoc correction.

Spearman rank-order correlations were calculated to assess
for correlation between the PSQI score change and modified
PHQ-9 score change across the total sample and the subgroups
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of participants. Simple linear regressions were performed to
model the relationship between the PSQI score change and the
modified PHQ-9 score change across the total sample and the
subgroups of participants.

To determine the maximum number of predictor variables to
use in each multiple linear regression analysis, the total sample
size was divided by 10 (21 participants� 10� 2 predictor vari-
ables). Multiple linear regression was performed to relate the
modified PHQ-9 score change coupled with 1 covariate to the
PSQI score change. Covariates included age, sex, frequency of
sedative-hypnotic use, number of rTMS treatments, and depres-
sion severity. The 2-tailed significance level was set to P < .05.
All statistical analyses were performed using BlueSky Statistics
(version 7.20, Chicago, IL) and GraphPad Prism (version 9.2,
San Diego, CA).

RESULTS

Participants
Twenty-one participants were included in the study. The mean
age was 43.9 (± 14.8) years, with a range of ages 19–71 years.
Fourteen participants (66.7%) were female and 7 (33.3%) were
male. Nine participants (42.9%) were employed, 4 (19.0%)
were unemployed, and 3 (14.3%) were retired. Sixteen partici-
pants (76.2%) were referred by local providers and 5 (23.8%)
were from out of state. Nine (42.9%) were insured through
commercial insurance, 7 (33.3%) were insured through Medi-
care, and 5 (23.8%) were insured through Medicaid.

rTMS associated with improved sleep quality per
PSQI score
In our total participant sample (n = 21), rTMS treatment was
associated with significantly improved sleep quality as mea-
sured by paired t test comparison of pre- and posttreatment
PSQI scores (P = .0143; Figure 1A). In the subgroup analysis,
treatment with rTMS was associated with significantly
improved sleep quality in male patients (P = .0453; Figure 1B),
those younger than age 50 years (P = .0353; Figure 1E), those
with mild to moderately severe depression (P = .0020; Figure
1G), and those whose change in depressive symptoms did not
meet the criteria for response to rTMS (P = .0058; Figure 1K).
Female participants, those older than age 50 years, those with
severe depression, those with more and less frequent sedative-
hypnotic use, and those whose depression responded to rTMS
did not see significant improvement in sleep quality (Figure
1C, Figure 1D, Figure 1F, Figure 1H, Figure 1I, and Figure
1J). Cohen’s d analyses revealed small to medium effect sizes
in all treatment groups (d = 0.2–0.5).

rTMS associated with improved mood per PHQ-9
score minus sleep item
rTMS treatment was associated with significantly improved
depressive symptoms in the total participant sample (P < .0001;
Figure 2A) and in all subsets of participants: men (P = .0166;
Figure 2B), women (P = .0035; Figure 2C), those older than
age 50 years (P = .0098; Figure 2D), those younger than age

50 years (P = .0061; Figure 2E), those with severe depression
(P = .0032; Figure 2F), those with mild to moderately severe
depression (P = .0142; Figure 2G), those with less frequent
sedative-hypnotic use (P = .0083; Figure 2H), those with more
frequent sedative-hypnotic use (P = .0173; Figure 2I), those
whose depression responded to rTMS (P < .0001; Figure 2J),
and those whose depression did not respond to rTMS (P = .006;
Figure 2K). Cohen’s d analyses revealed a large effect size in
all treatment groups (d > 1.0).

Post-rTMS improvements in depression and sleep:
separable outcomes
To determine whether post-rTMS improvements in depression
and sleep were correlated, we performed simple linear regres-
sion to evaluate the modified PHQ-9 score change as a predictor
of the PSQI score change in the total sample and in each subset
of participants (Figure 3). We found 1 statistically significant
correlation: In patients older than age 50 years, the modified
PHQ-9 score change negatively predicted the PSQI score
change (P = .0048; see Figure 3D). In all other subgroups, there
was no significant relationship. We also assessed for correlation
between the modified PHQ-9 score change and the PSQI score
change by calculating the Spearman rank correlation r. In the
total sample, the Spearman r was –0.1590 (P = .6019), suggest-
ing no significant correlation. Across the subgroups, the Spear-
man r remained nonsignificant, except in participants older
than age 50 years (r = –0.7319; P = .0488). Multiple linear
regression was performed to relate the modified PHQ-9 score
change coupled with 1 additional covariate to the PSQI score
change. A maximum of 2 predictor variables was considered at
a time because of the small total sample size (n = 21). Even after
adjusting for age, sex, frequency of sedative-hypnotic use, num-
ber of rTMS treatments, and depression severity, no relation-
ships were found to be statistically significant. The results of
the multiple linear regression analyses are reported in Table 1.

Mood and sleep outcomes after rTMS
To evaluate whether PSQI and modified PHQ-9 change scores
differed significantly between participants based on their medi-
cations, we divided the total sample into 4 groups according to
the antidepressant regimens and sedative-hypnotic regimens
used. We found that most patients (n = 17; 81.0%) fell into 1 of
the following 4 antidepressant groups: (1) selective serotonin
reuptake inhibitor or serotonin-norepinephrine reuptake inhibi-
tor alone (n = 6), (2) selective serotonin reuptake inhibitor
or serotonin-norepinephrine reuptake inhibitor + bupropion
(n = 5), (3) selective serotonin reuptake inhibitor or serotonin-
norepinephrine reuptake inhibitor + mirtazapine (n = 3), or
(4) no antidepressant (n = 3). One participant was on a
tricyclic antidepressant, 2 were on serotonin modulators, and
1 was on mirtazapine alone. These patients were excluded
from the analysis because we did not have a minimum number
of 3 patients per antidepressant regimen to perform ANOVA.
All patients fell into 1 of the following 4 sedative-hypnotic
groups: (1) as-needed prescription sleep aid (n = 5), (2) daily
medication with sedative-hypnotic adverse effects (n = 5),
(3) both as-needed prescription sleep aid and daily medication
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with sedative-hypnotic adverse effects (n = 6), or (4) no
sedative-hypnotic medication (n = 5). A 1-way ANOVA with
Bonferroni posthoc correction revealed no statistically signifi-
cant differences in PSQI or modified PHQ-9 outcomes among
these subgroups (Figure 4).

rTMS and improvement in 2 PSQI component scores
To evaluate whether rTMS treatment was associated with
improvements in specific elements of sleep quality, we com-
pared pre- and posttreatment scores on each component of the
PSQI. A 2-way ANOVA with Bonferroni posthoc correction
revealed that component score 1 (a measure of overall sleep
quality) and component score 2 (a measure of sleep latency) of
the PSQI significantly improved after rTMS (Figure 5).

DISCUSSION

Sleep quality as measured by the total PSQI score significantly
improved in this sample of 21 patients with MDD after rTMS

treatment. The PSQI subscale scores for component 1 and com-
ponent 2 showed significant improvement, whereas the changes
in the other subscale scores were not significant. This improve-
ment in sleep was independent of improvements in depression
scores as measured by the modified PHQ-9.

A recent meta-analysis of 28 rTMS studies involving 2,357
patients with primary insomnia found that compared with sham
rTMS, active rTMS led to significantly improved total PSQI
scores and scores on each of the 7 component scales.20 Com-
pared to other treatments, rTMS alone or as an adjunct to other
therapy led to significantly improved total PSQI scores, with
limited data suggesting improved scores in the 7 components.
These results suggest that rTMS may have more extensive
effects on self-reported sleep quality in patients with primary
insomnia than in patients with depression. Across rTMS studies
in depression and primary sleep disorders, the total PSQI score
seems to be the most consistent aspect of the PSQI to improve
after rTMS treatment.10,15,20

In subgroup analyses, we found that the total PSQI scores
improved significantly in male participants, those younger than
age 50 years, those with nonsevere-range depression, and those

Figure 1—Effects of rTMS on sleep quality, as measured by paired t test comparisons of pre- and post-treatment PSQI
scores.

(A) Pooled sample data. (B) Male patients. (C) Female patients. (D) Age > 50 years. (E) Age < 50 years. (F) Severe depression. (G) Mild to moderately severe
depression. (H) More frequent sedative-hypnotic use. (I) Less frequent sedative-hypnotic use. (J) Criteria for depression response met. (K) Criteria for depression
response not met. NS = not significant, PSQI = Pittsburgh Sleep Quality Index, rTMS = repetitive transcranial magnetic stimulation. *P < .05. **P < .01.

AR Collins, J Cheung, PE Croarkin, et al. Transcranial stimulation and sleep quality

Journal of Clinical Sleep Medicine, Vol. 18, No. 5 1300 May 1, 2022

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
K

ir
st

en
 T

ay
lo

r 
on

 M
ay

 1
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 



whose depression did not improve by ≥ 50% after rTMS.
The total PSQI scores did not improve significantly in female
participants, those older than age 50 years, those with severe-
range depression, or those whose depression improved by ≥

50% after rTMS. Modified PHQ-9 scores improved across
every subgroup. Because most study participants were pre-
scribed a combination of antidepressants and medications with
sedative-hypnotic properties, we did not have adequate sample
sizes of participants who were not on antidepressants or medi-
cations with sedative-hypnotic properties to generate paired
comparisons. However, we were able to divide the total sample
into 4 groups according to the combinations of antidepressant
medications used and into an additional 4 groups according to
the combinations of sedative-hypnotic medications used. We
found no statistically significant difference in PSQI outcomes
across these medication-based groupings.

The finding of a sex difference in sleep quality response to
rTMS among patients with depression has not been reported in
the literature. One sham-controlled study showed sleep quality
and mood improvement after a 6-week course of rTMS in male
inpatients with substance dependence during abstinence.21

There is general consensus that sex is not a significant factor in

rTMS treatment response in depression.22 However, 1 study
showed that postmenopausal women responded less well to
rTMS than men or premenopausal women with depression.23

Our finding that sleep quality in older patients (aged > 50
years) did not significantly improve after rTMS contrasts with
several studies indicating the sleep benefits of rTMS in older
patients (aged 60 to 80 years).24,25 However, studies of rTMS
and sleep in older patients are relatively sparse compared to
similar studies in younger patients.26 We speculate that because
slow-wave activity declines with age, patients of older age may
see less sleep benefit from rTMS, which acts on slow-wave
sleep, than younger patients. Further, our sample of adults older
than age 50 years was smaller than that of prior studies.24,25

Our finding that rTMS was associated with significantly
improved mood in patients older than age 50 years is consistent
with the results of a recent systematic review and meta-analysis
showing that rTMS is effective for the treatment of MDD in the
same age group.27 Nevertheless, younger age is generally
regarded as a positive predictor of response to rTMS.28

Sleep quality did not improve significantly in participants
with baseline severe depression, defined by a PHQ-9 score
≥ 20. However, mood symptoms improved significantly in this

Figure 2—Effects of rTMS on depressive symptoms, as measured by paired t test comparisons of pre- and posttreatment
modified PHQ-9 scores.

(A) Pooled sample data. (B) Male patients. (C) Female patients. (D) Age > 50 years. (E) Age < 50 years. (F) Severe depression. (G) Mild to moderately severe
depression. (H) More frequent sedative-hypnotic use. (I) Less frequent sedative-hypnotic use. (J) Criteria for depression response met. (K) Criteria for depression
response not met. PHQ-9 = Patient Health Questionnaire-9, rTMS = repetitive transcranial magnetic stimulation. *P < .05. **P < .01. ***P < .0001.
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subgroup. Sleep quality also did not improve significantly in
participants who showed a clinical response to rTMS treatment,
defined by a reduction in the PHQ-9 score of ≥ 50%. These out-
comes challenge the principle that rTMS-induced mood
improvement drives sleep improvement in patients with MDD.
Furthermore, sleep quality improved significantly in partici-
pants whose depression did not indicate a clinical response to
rTMS treatment. This finding is in line with prior evidence that

rTMS improves sleep quality in patients with major depres-
sion,8–12 even in those who experience no improvement in the
underlying mood disorder.13

Linear regression models showed that the PSQI improve-
ment was not significantly predicted by the modified PHQ-9
change, even with adjustment for patient age, sex, sedative-
hypnotic use, number of rTMS treatments, or initial depression
severity. In patients older than age 50 years, linear regression

Figure 3—Simple linear regression models of modified PHQ-9 score change as a predictor of PSQI score change.

(A) Pooled sample data. (B) Male patients. (C) Female patients. (D) Age > 50 years. (E) Age < 50 years. (F) Severe depression. (G) Mild to moderately severe
depression. (H) More frequent sedative-hypnotic use. (I) Less frequent sedative-hypnotic use. (J) Criteria for depression response met. (K) Criteria for depression
response not met. PHQ-9 = Patient Health Questionnaire-9, PSQI = Pittsburgh Sleep Quality Index.

Table 1—Results of multiple linear regressions modeling modified PHQ-9 score change + 1 covariate as predictors of PSQI score
change.

Covariate R2 F-Statistic Intercept 95% CI P

Age 0.02682 0.2480 2.129 –1.912 to 6.169 .7830

Sex 0.03573 0.3335 1.781 –0.09450 to 3.657 .7207

Frequency of sedative-hypnotic use 0.03100 0.2879 1.700 –0.5818 to 3.979 .7532

Number of rTMS treatments 0.1129 1.15 –5.382 –17.04 to 6.274 .3403

Depression severity 0.04627 0.4366 3.987 –3.281 to 11.26 .6529

The relationship between the modified PHQ-9 score change (predictor variable) coupled with 1 additional covariate (predictor variable) and the PSQI score
change (outcome variable) was evaluated across the total sample. No relationships were found to be statistically significant. CI = confidence interval around
the intercept, F-statistic = variance of group means � mean of within group variances, PHQ-9 = Patient Health Questionnaire-9, PSQI = Pittsburgh Sleep
Quality Index, R2 = coefficient of determination, rTMS = repetitive transcranial magnetic stimulation.
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analysis of the modified PHQ-9 score change as a predictor of
PSQI score change revealed a significant negative correlation.
That is, larger changes in depressive symptoms predicted
smaller changes in sleep-related symptoms. We are not sure
how to explain this finding. All other subgroup regressions
showed no significant relationship.

Taken together, these results suggest that mood and sleep
improved independently after rTMS in our study population.
Because of the small sample size of 21 participants in this study,
larger studies are required to confirm these findings. Neverthe-
less, the finding that sleep quality improved alongside improve-
ments in mood challenges the common perception of rTMS as
an arousal-neutral antidepressant and is consistent with several
previous studies.7,9–12,14,15 Sleep abnormalities in depression
are thought to result from the same biological imbalances that
underlie cognitive and affective symptoms of depression.29

Pathways involving corticotropin-releasing hormone, brain-
derived neurotrophic factor, adenosine, and cyclic adenosine
monophosphate response element binding protein seem to be
dysregulated in both affective and sleep disorders.30 Yet if
mood and sleep impairments in depression share a common
biology, then one might expect the mood and sleep changes eli-
cited by rTMS to be statistically correlated. The lack of correla-
tion between mood and sleep changes in our study may suggest
divergent mechanisms of action of rTMS for mood and sleep
disturbances in patients with depression. In addition, the ques-
tion of why sleep in depression differs from that in primary
sleep disorders, and how these differences may interact with
rTMS, remains of interest.16

An uncertainty complicating the present analysis of
PSQI results is whether overall sleep quality, or a more
specific aspect of self-reported sleep experience, promotes

Figure 4—One-way ANOVA with Bonferroni posthoc correction depicting changes in sleep quality and mood by medication
regimen after rTMS.

(A) PSQI scores across sedative-hypnotic groups. (B) Modified PHQ-9 scores across sedative-hypnotic groups. (C) PSQI scores across antidepressant groups.
(D) Modified PHQ-9 scores across antidepressant groups. ANOVA = analysis of variance, NS = not significant, PHQ-9 = Patient Health Questionnaire-9, PSQI =
Pittsburgh Sleep Quality Index, rTMS = repetitive transcranial magnetic stimulation, SNRI = serotonin-norepinephrine reuptake inhibitor, SSRI = selective serotonin
reuptake inhibitor.
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neuroplasticity. If rTMS promotes neuroplasticity by increasing
slow-wave sleep, then how is this increase experienced or
described by patients? Actigraphy studies have not shown a sig-
nificant change in sleep continuity after rTMS, leading investi-
gators to speculate that total sleep time and sleep continuity are
necessary but insufficient to increase plasticity through slow-
wave sleep.31 In addition, therapeutic sleep deprivation is
known to provide rapid antidepressant effects in patients with
depression, possibly by increasing plasticity in the hippocam-
pus.32,33 Thus, sleep duration is not a linear predictor of overall
sleep quality or neuroplasticity. This detail is lost in the PSQI,
which assigns better scores to patients with longer sleep
duration.

The limitations of this study include a small sample size, a
limited follow-up period (acute treatment only), no control
group, no consideration of potential comorbidities, and no
objective measures of sleep or related neurophysiology. The
lack of objective sleep variables is notable, both because the
effects of rTMS on objective sleep variables are inconsistent
and because patients with MDD are observed to have poor
insight into their sleep quality, frequently misestimating sleep
latency, sleep times, and sleep duration.6,34 Because this was an
open-label study, a placebo effect may have contributed to both
mood and sleep quality improvements.

In summary, we found that sleep quality improved in our
small sample of patients with MDD receiving rTMS and that
the improvement was independent of change in mood. There
are several potential implications of our findings. In patients
with a history of major depression, rTMS may be helpful in the
prodromal phase of a recurrent episode, when sleep disturban-
ces are often the earliest symptoms to manifest.35 rTMS may
lessen the need for over-the-counter or prescription sleep aids
in patients with depression and may present a more attractive
option than therapeutic sleep deprivation, the benefits of which
are transient.32,33 Finally, rTMS may be helpful in depressive
episodes marked by significant sleep impairment. Many uncer-
tainties remain to be clarified, including the mechanisms of

rTMS in primary sleep disorders vs sleep impairment related to
depression, how rTMS interacts with antidepressant and sleep
medications, and whether the optimal rTMS parameters might
differ in patients with depression based on the degree of sleep
impairment. Because subgroup analyses uncovered significant
relationships, a next step might include analyzing potential pre-
dictors of sleep improvement after rTMS in patients with mood
disorders. Evaluation of both self-reported and objective meas-
ures of sleep changes would also be of interest. Further studies
exploring the effects of rTMS on sleep are needed.

ABBREVIATIONS

ANOVA, analysis of variance
MDD, major depressive disorder
PHQ-9, Patient Health Questionnaire-9
PSQI, Pittsburgh Sleep Quality Index
rTMS, repetitive transcranial magnetic stimulation
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