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Study Objectives: To determine the efficacy of a novel behavioral in-
tervention, Tai Chi Chih, to promote sleep quality in older adults with
moderate sleep complaints.

Design: Randomized controlled trial with 16 weeks of teaching followed
by practice and assessment 9 weeks later. The main outcome measure
was sleep quality, as assessed by the Pittsburgh Sleep Quality Index
(PSQl).

Setting: General community at 2 sites in the US between 2001 and
2005.

Participants: Volunteer sample of 112 healthy older adults, aged 59
to 86 years.

Intervention: Random allocation to Tai Chi Chih or health education
for 25 weeks.

Results: Among adults with moderate sleep complaints, as defined by
PSQI global score of 5 or greater, subjects in the Tai Chi Chih condition
were more likely to achieve a treatment response, as defined by PSQI

less than 5, compared to those in health education (P < 0.05). Subjects
in the Tai Chi Chih condition with poor sleep quality also showed sig-
nificant improvements in PSQI global score (P < 0.001) as well as in
the sleep parameters of rated sleep quality (P < 0.05), habitual sleep
efficiency (P < 0.05), sleep duration (P < 0.01), and sleep disturbance
(P<0.01).

Conclusions: Tai Chi Chih can be considered a useful nonpharmaco-
logic approach to improve sleep quality in older adults with moderate
complaints and, thereby, has the potential to ameliorate sleep com-
plaints possibly before syndromal insomnia develops.
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POOR SLEEP QUALITY CONSTITUTES ONE OF THE
MOST COMMON DIFFICULTIES FACING OLDER
ADULTS, WITH 58% REPORTING SLEEPING DIFFICUL-
TIES at least a few nights per week.'? However, sleep problems
remain untreated in up to 85% of people,® and, among those
who receive treatment, sedative-hypnotic medications remain
the treatment of choice.* Unfortunately, such pharmacologic
management may have particularly deleterious effects in older
adults, including daytime confusion, drowsiness, falls and frac-
tures, and adverse interactions with other medications.’”’
Behavioral interventions such as cognitive behavioral therapy
are among the most widely used nonpharmacologic alternatives
for the treatment of insomnia.*® Cognitive behavioral therapy
achieves robust improvements of insomnia, as compared with
pharmacotherapy,'®!! and a recent meta-analysis concluded that
various behavioral treatments, including cognitive behavioral
and relaxation therapies, were equally effective in older adults
with chronic insomnia.” However, most available studies have
examined patients with syndromal insomnia and largely ig-
nored the relatively large segment of the older adult population
with moderate sleep complaints, who are not yet at a threshold
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of insomnia diagnosis (e.g., absence of daytime clinical impair-
ment).

Older adults with insomnia symptoms are at substantial risk
for developing syndromal insomnia, as well as depression,
anxiety, and pain problems.'? Hence, preventive treatments that
target moderate sleep complaints have the potential to reduce
the onset of multiple morbidities in older adults,'? in addition to
forestalling the onset of clinical insomnia in this at risk popula-
tion. Unfortunately, resources that deliver cognitive behavioral
therapy (e.g., highly trained clinicians) may be neither practical
nor cost effective in usual care settings, especially for deliv-
ery to older adults with moderate sleep complaints but without
syndromal insomnia. Moreover, older adults are increasingly
seeking lifestyle interventions that are aligned with health pro-
motion, rather than disease treatment.

Among health professionals and the general public, it is gen-
erally thought that physical exercise may enhance sleep qual-
ity. Indeed, such recommendations are often integrated into
education programs to promote good sleep practices and sleep
hygiene. Surprisingly, however, only 2 randomized controlled
clinical trials have directly evaluated the efficacy of moderate-
intensity exercise on self-rated quality of sleep in older adults.
One study by King et al'* demonstrated that 16 weeks of com-
munity-based exercise training (i.e., endurance training, brisk
walking, and stationary cycling) was superior to a wait-listed
control condition on measures of sleep quality, as assessed by
the Pittsburgh Sleep Quality Index (PSQI), in a sedentary vol-
unteer sample of adults older than 50 years of age. However,
such an aerobic exercise prescription might not be well-toler-
ated in an elderly population, who have age-related physical
limitations. The other study by Li et al'* compared 2 forms of
exercise, Tai Chi versus stretching, on PSQI outcomes in older
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adults and demonstrated greater benefit of Tai Chi, as compared
with stretching exercise, on sleep-quality outcomes, although
this study did not include a nontreatment control group.

Given the potential benefits of relaxation therapies as well as
aerobic exercise on insomnia symptoms, we hypothesized that
Tai Chi, a slow-moving meditation,"* might have a positive im-
pact on sleep quality. Among elderly who often have age-relat-
ed limitations in their ability to tolerate even moderate-intensity
exercise, Tai Chi Chih (TCC) is particularly attractive for use; it
is a westernized and standardized version of Tai Chi, consisting
of 20 simple and separate moves. We and others have previous-
ly demonstrated that the administration of TCC for 16 weeks
improves measures of physical and emotional health function-
ing in older adults.'*'¢

The present study was a randomized controlled trial conduct-
ed in part to evaluate the short-term clinical efficacy of TCC
versus health education (HE) control on measures of self-re-
ported sleep quality. This study was part a clinical trial designed
to evaluate the effect of TCC versus HE on herpes zoster risk
and on health behaviors, including sleep quality in older adults.
The effect of TCC on herpes zoster risk has been previously
reported.'® During subject recruitment, subjects were informed
that the study aimed to evaluate the effects of TCC versus HE
on “health and well-being.” Hence, older adults were recruited
without disclosure of the aim to examine sleep quality, which
minimizes the possibility of reporting bias on measures of sub-
jective sleep outcomes. Furthermore, given the design of the
clinical trial, we enrolled subjects with and without sleep com-
plaints. Subjects without sleep complaints were also included in
the analyses, given limited empiric data on the effects of TCC
on behavior measures and evidence that this practice can in-
crease energy and vitality measures.'” In contrast with previ-
ous research on TCC and self-reported sleep quality,'” a non-
exercise, nontreatment control group was used. We compared
changes in sleep quality after 16 weeks of the teaching phase of
the intervention and 9 weeks later at a follow-up assessment.

MATERIALS AND METHODS
Design Overview

This randomized, controlled clinical trial allocated older
adults to receive either TCC or HE (active control intervention)
in a 1:1 ratio between 2001 and 2005. From 2001-2002, the
study was conducted in San Diego, and, from 2002- 2005, the
study was performed in Los Angeles following relocation of
the study investigator (MRI). HE was selected as the control
condition, as we deemed it a higher priority to determine in this
initial study whether TCC has an active clinical benefit that is
independent of nonspecific treatment factors (e.g., expectation,
group support, attention), rather than comparing this approach
with isolated treatment components such as relaxation, exercise,
or meditation. Participants were recruited through newspaper
advertisements that stated the aim of the study as comparing
the effects of TCC versus HE on “health and well-being in older
adults.” No additional information about the study hypothesis
or about evaluation of sleep quality was provided. Hence, par-
ticipants were blinded to the study objectives and outcomes for
self-rated sleep quality.
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Setting and Participants

Inclusion criteria were that participants be: (1) 59 years or
older and (2) in self-reported good health. The following exclu-
sion criteria were any acute current illness that might interfere
with interpretation of the study; presence of a current major psy-
chiatric disorder including syndromal insomnia; alcohol intake
greater than 3 drinks per day; and/or unwillingness to adhere
to study protocol or ongoing participation in Tai Chi. Subjects
who reported significant daytime clinical impairment second-
ary to insomnia symptoms and/or regular use of sleep-related
prescription medications were excluded, given the study objec-
tive to evaluate older adults with moderate sleep complaints
who are not yet at the threshold of syndromal insomnia.

Procedures

Participants who responded to the advertisement (N = 189)
underwent 2 assessment phases before they were included. A
15-mintue telephone interview by a trained project coordinator
ensured that participants fulfilled the screening eligibility cri-
teria. The second eligibility-assessment phase included an in-
terview to obtain a medical history and current medication use,
followed by administration of the Structured Clinical Interview
for DSM-IV diagnoses to rule out the presence a current psy-
chiatric disorder.'® Specific queries were also used to screen for
the presence of insomnia symptoms (e.g., difficulty initiating
sleep, maintaining sleep, early morning awakening, or “non-
restful” sleep). To determine the presence of clinical impair-
ment (e.g., DSM-IV syndromal insomnia) that would exclude
subjects from the study, other queries asked whether insomnia
symptoms interfered with daytime functioning (e.g., symptoms
of fatigue, depression, or poor concentration due to sleep prob-
lems that interfered with daily activities) or whether subjects
were regularly using sleep-related prescriptions medications.

Randomization and Interventions

Randomization was performed using a computer-generated
schedule independent of treatment personnel. Allocation con-
cealment was implemented using sealed, sequentially num-
bered boxes that were identical in appearance for the 2 treat-
ment groups. All study personnel in contact with the participants
were unaware of the randomization sequence. A total of 112
participants aged 59 to 86 years were enrolled and randomly
assigned to TCC (n= 59) or HE (n = 53) (Figure 1; San Diego,
n =40; Los Angeles, n = 72).

Subjects received either 16 weeks of teaching of TCC or
HE administered to groups of 7 to 10 persons. TCC sessions
lasted 40 minutes and were given 3 times per week for a to-
tal 120 minutes of weekly instruction. HE was allocated an
identical amount of 120 minutes of weekly instruction. The
rationale communicated to subjects was that TCC is a health-
management intervention that incorporates meditation and
repetitive physical activity to promote “well-being in aging,”
whereas HE aims to promote healthy behaviors and well-being
by providing knowledge about health management. For TCC,
objectives and learning activities related to the specific set of
20 exercises employed were identified according to a therapist
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189 Older Adults Assessed for Eligibility

77 Excluded
26 Declined to participate
17 Significant diseases
18 Did not complete baseline
16 Other causes and unknown

’ 112 Older Adults Randomized

l
' .

’ 59 Assigned to Tai Chi Chih ‘ ’ 53 Assigned to Health Education

’ 29PSQI<5 ‘ ’30PSQI§5 ‘ ’ 31PSQI<5 ‘

22PSQI>5 ‘

3 Withdrew }‘74.{ 4 Withdrew

’ 1 Withdrew }‘74.{ 2 Withdrew

’ 59 Included in Analysis ‘ ’ 53 Included in Analysis ‘

Figure 1—Participant flow and distribution of subjects in study.

manual'® with verification of skills attainment and weekly su-
pervision by master’s level TCC instructors. All TCC instruc-
tors had undergone certification as such by the national TCC
association, and there was no site effect or teacher effect on
the results. Individual exercises were taught weekly in a grad-
uated manner with acquisition of the full set of 20 exercises
after 16 weeks of instruction. The HE intervention involved
16 didactic presentations on a series of health-related themes,
which were provided by a physician (MRI) or licensed clini-
cal psychologist (SJM) with group discussion, as previously
described.?’ Two sessions in the HE intervention specifically
included information about sleep and sleep hygiene, and other
sessions provided information about the health benefits of
exercise and relaxation. Sessions on sleep hygiene provided
knowledge about sleep practices (e.g., regular sleep-wake ac-
tivity schedule, using bed for sleep, refraining from alcohol
and from caffeine, exercising in the morning). We assessed
treatment credibility and expectation for change after the sec-
ond treatment session using a 5-point likert scale.”!

Outcomes and Follow-Up

Assessments were administered at baseline (i.e., before the
intervention), at 16 weeks (i.e., after completion of the teaching
phase of the intervention), and at 25 weeks follow-up (i.e., 9
weeks after learning acquisition of TCC and practice of the full
set of 20 exercises). The primary outcome variable was self-rated
sleep quality, as measured by the PSQI, a widely used, 19-item,
self-report questionnaire that measures sleep disturbances.?*
According to scoring guidelines, 19 items of the PSQI are used
to generate 7 sleep component scores (range of possible sub-
scale scores, 0-3): subjective sleep quality, sleep latency (i.c.,
time needed to fall asleep), sleep duration (number of hours of
actual sleep per night), habitual sleep efficiency (i.e., total sleep
time divided by time in bed, converted to a score 0-3), sleep
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disturbances (e.g., waking up in the middle of the night and
the like), use of sleeping medications, and daytime dysfunction
(e.g., having difficulty staying awake during the day.) The sum
of these component scores yields a global score (range, 0-21),
with a score cutoff of greater than 5 indicating clinical sleep
impairment > with a high sensitivity (98.7%) and specificity
(84.4%) in identifying insomnia.’* The PSQI has favorable psy-
chometric properties, with internal consistency reliability rang-
ing from 0.80 to 0.83, test-retest reliability from 0.85 to 0.87,
and convergent validity with other self-report measures of sleep
and sleep logs.?** The Beck Depression Inventory was used
to assess severity of depressive symptoms.? Participants were
also monitored for use of other treatments and TCC practice
time using daily practice diaries during the 16-week interven-
tion phase and the 9-week follow-up. Finally, given that TCC
incorporates a component of physical activity, average weekly
metabolic equivalents were determined over the course of the
trial using previously described procedures.

Statistical Analysis

The primary question of interest concerns the benefit of TCC
versus HE in healthy older adults who evidence moderate sleep-
quality complaints, as defined by the PSQI global score cutpoint
of 5. Hence, the sample was stratified into groups with “good”
sleep quality (i.e., PSQI global score < 5) versus those with
“poor” sleep quality (i.e., PSQI global score > 5). Improvement
in sleep quality in the latter group was the key criterion for de-
termining sample-size requirement. Based on prior meta-ana-
lytic findings,’ in which the mean treatment effect was 0.76, we
estimated that the enrollment of 28 per treatment group among
those with poor sleep would provide the study with a statistical
power of 80% (o = 0.05) to detect significant improvements in
sleep quality. Because it was expected that approximately 50%
of the sample would have poor sleep, the overall target sample
size was set at 112. Comparison of treatment groups stratified
by sleep quality at entry was performed using analyses of vari-
ance.

The primary outcome was defined by the PSQI global score
threshold less than 5 among the participants with poor sleep
quality; Fisher exact test was used for comparison of numbers
of participants who achieved this threshold value of PSQI global
score at 25 weeks. A number needed to treat value was calculated
for the use of TCC to achieve this treatment threshold compared
with the HE condition.?”” We posited that benefit would be found
at 25 weeks: after subjects had learned TCC (e.g., during the
teaching phase of the 16-week intervention) and after an interval
for practice of TCC. Achievement of this treatment threshold at
both 16 weeks and 25 weeks were analyzed. All PSQI and Beck
Depression Inventory score data were normally distributed, and
the general effects of the intervention over time were assessed
using a mixed-models group (TCC versus HE) x PSQI score
(PSQI global score < 5 versus PSQI global score > 5) x time
(baseline, week 16, and week 25) repeated-measures analysis of
variance and covariance for PSQI global score and PSQI compo-
nent scores, with adjustment for multiple comparisons. Because
depressive symptoms are often associated with poor sleep qual-
ity, additional analyses covaried for severity of such symptoms
using the Beck Depression Inventory. Secondary analyses of
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Table 1—Baseline Characteristics of the Study Participants

Tai Chi Chih
PSQI<5 PSQI>5
(n=29) (n=30)
Age, y* 69.6 (6.3) 69.7 (6.1)
Women® 19 (65.5) 22 (73.3)
Non-White® 2(6.9) 9 (30.0)
Married® 15 (51.7) 13 (43.3)
Education, y* 16.7 (2.5) 16.6 (2.3)
Annual income, $** 62.3 (39.7) 48.5 (30.5)
BDI score? 3.8(3.4) 6.0 (4.8)
Physical activity,
metabolic equivalents/wk*  251.3 (26.9) 259.3 (25.5)

“Data presented as mean (SD).
Data presented as number (%).
‘Annual income is % 1000.

PSQI refers to Pittsburgh Sleep Quality Index; BDI, Beck Depression Inventory.

Health Education

PSQI<5 PSQI> 5 P value
(n=31) (n=22)
69.8 (7.6) 70.7 (7.5) 0.94
16 (51.6) 14 (63.6) 0.36
6 (19.4) 4(18.2) 0.93
17 (54.8) 13 (59.1) 0.70
16.2 (2.3) 153 (2.7) 0.16
72.5 (51.9) 52.4(39.5) 0.18
2.6 (3.1) 7.5 (4.4) 0.001
258.5 (30.6) 249.8 (20.5) 0.43

PSQI scores included a covariate if (a) there was a significant
difference in a background variable between the 2 treatment
groups and (b) the background variable was significantly related
to the PSQI scores. For time effects from baseline to week 25,
linear growth-curve estimates were generated to evaluate growth
curve slopes in the 2 treatment groups who had poor sleep qual-
ity. Growth-curve analyses provide an estimate of linear rate
of change for the 2 treatment groups. Greater improvements in
PSQI scores over time (i.e., a greater linear rate of change) were
hypothesized for the TCC group who had poor sleep quality at
baseline. All analyses used an intention to treat approach.

RESULTS
Characteristics of the Study Subjects

As shown in Table 1, the intervention groups stratified by
PSQI global scores were similar in age, sex, ethnicity, marital sta-
tus, education level, annual income, and average weekly physical
activity. Severity of depression scores was higher in the treat-
ment groups who had poor sleep quality (PSQI global scores >
5) as compared with those with good sleep quality (PSQI global
scores < 5), but the TCC and HE intervention groups did not
differ. Among subjects with poor sleep quality, about one third
were taking over-the-counter sleep-related medications, as com-
pared with no use in those subjects with good sleep quality; the
TCC and HE intervention groups did not differ. Finally, subjects
had little medical morbidity and reported, on average, the use of
fewer than 2 medication types; medications to treat hypertension,
heart disease, and respiratory illness were the 3 most commonly
reported classes of medications used. There was no discernible
association between any of the clinical demographic variables
and sleep-quality responses in the TCC or the HE group.

Adherence to Intervention

Of 112 subjects allocated to the intervention, 102 persons
(91%) completed the intervention and were followed to 25
weeks (Figure 1). Of the 7 withdrawals in TCC, 6 withdrew

SLEEP, Vol. 31, No. 7, 2008

1004

due to the difficulties with time commitments and/or transpor-
tation, and 1 did not like the class. Of the 3 withdrawals in HE,
2 withdrew due to difficulties with the time commitment, and
1 dropped due to health problems. Attendance at treatment ses-
sions was high; TCC participants attended 83% of the classes,
and HE subjects attended 80% of all sessions.

The 2 intervention groups perceived the treatments as equally
credible, with subjects in the TCC and HE groups reporting a
similar level of confidence, respectively, that “TCC would be
successful in improving health in older adults” or that “HE would
be successful in improving health in older adults” (P = 0.56). In
addition, participants in the TCC and HE were equally “confident
in recommending TCC (or HE) to a friend” (P =0.96).

There were no adverse events associated with either interven-
tion. No participant reported use of other behavioral or comple-
mentary medicine practices during the course of the intervention.

Primary Outcome Measure

The primary outcome of interest was the proportion of par-
ticipants achieving a PSQI global score of less than 5 at week
25 (i.e., after the 16-week teaching phase in which participants
had learned the 20 different movements of TCC and then prac-
ticed the full set for 9 weeks). Among the participants who en-
tered the study with sleep impairment (i.e., PSQI > 5), 19 of 30
(63%) in the TCC group achieved a PSQI global score of less
than 5, whereas, in the HE control group, only 7 of 22 (32%)
had achieved this threshold at week 25 (x*= 5.0, P < 0.05). At
16 weeks, immediately after completion of the teaching phase
of the intervention, a similar benefit was observed although this
did not reach statistical significance (y*= 2.3, P = 0.13) Among
participants who entered the study with PSQI scores less than
5, scores remained low and did not change.

Secondary Outcome Measures

Secondary outcomes measures were change in PSQI glob-
al score and the 7 component scores of the PSQI over the 25
weeks (Table 2). Significant time-by-group interactions were
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Table 2—PSQI Sleep Quality Across 3 Assessment Points
Tai Chi Chih Tai Chi Chih  Health Education Health Education Time Effect Time X Group
PSQI<5(n=29) PSQI>5(n=30) PSQI<5(n=31) PSQI>5(mn=22) F P F P
Global Sleep Quality 10.0 0.002 20.7  0.0001%*
Baseline 2.96 (0.85) 6.67 (1.54) 2.52(1.18) 8.18 (3.25)
Posttreatment 3.38 (2.46) 5.13 (3.00) 2.56 (1.85) 6.31 (3.68)
Follow-up 3.43 (1.82) 4.87 (2.30) 2.54 (2.22) 6.97 (3.59)
Sleep Quality 0.5 0.49 6.2  0.02*
Baseline 0.50 (0.51) 1.10 (0.56) 0.39 (0.56) 1.23 (0.75)
Posttreatment 0.62 (0.62) 0.69 (0.62) 0.48 (0.57) 1.14 (0.73)
Follow-up 0.62 (0.56) 0.81 (0.49) 0.43 (0.69) 1.10 (0.62)
Sleep latency 18.1 0.0001 2.8 0.1
Baseline 0.43 (0.63) 1.27 (0.78) 0.26 (0.44) 1.50 (0.91)
Posttreatment 0.41 (0.57) 0.87 (0.92) 0.11 (0.32) 1.31(1.01)
Follow-up 0.29 (0.46) 0.87 (0.81) 0.14 (0.36) 1.20 (0.89)
Habitual sleep efficiency 0.1 0.95 5.8  0.02%
Baseline 0.07 (0.26) 0.73 (0.78) 0.23 (0.43) 0.73 (0.94)
Posttreatment 0.21 (0.49) 0.48 (0.73) 0.30 (0.67) 0.56 (0.96)
Follow-up 0.33(0.48) 0.43 (0.79) 0.29 (0.46) 0.63 (0.76)
Sleep Duration 4.1 0.05 82  0.005%
Baseline 0.18 (0.39) 0.67 (0.76) 0.32 (0.54) 1.32(0.84)
Posttreatment 0.31 (0.54) 0.54 (0.65) 0.34 (0.72) 1.19 (0.81)
Follow-up 0.28 (0.53) 0.54 (0.71) 0.31 (0.66) 0.86 (0.79)
Sleep Disturbance 2.8 0.1 7.1 0.009*
Baseline 1.23(0.43) 1.60 (0.56) 0.87 (0.56) 1.45(0.74)
Posttreatment 1.14 (0.52) 1.35(0.65) 0.89 (0.51) 1.00 (0.52)
Follow-up 1.19 (0.48) 1.30 (0.63) 1.00 (0.54) 1.35(0.59)
Use of Sleep Meds 0.04 0.8 2.7 0.1
Baseline 0.00 (0.00) 0.47 (0.86) 0.00 (0.00) 0.91 (1.23)
Posttreatment 0.14 (0.44) 0.22 (0.42) 0.11 (0.32) 1.00 (1.26)
Follow-up 0.14 (0.45) 0.65 (1.11) 0.18 (0.61) 0.69 (1.25)
Daytime Dysfunction 10.8 0.002 24  0.14
Baseline 0.61 (0.74) 0.83 (0.59) 0.42 (0.50) 1.05 (0.65)
Posttreatment 0.55 (0.69) 0.57 (0.59) 0.33 (0.48) 0.50 (0.52)
Follow-up 0.57 (0.63) 0.70 (0.56) 0.25 (0.52) 0.80 (0.70)
Data are presented as mean (SD). Posttreatment assessment took place at week 16; follow-up was at week 25. PSQI refers to Pittsburgh Sleep
Quality Index. *As indicated in the text, the Tai Chi Chih PSQI > 5 group changed differently over time as compared to the other groups.

found for PSQI global score (P < 0.001; Figure 2) and 4 PSQI
component subscales, including sleep quality (P < 0.05; ), ha-
bitual sleep efficiency (P < 0.05), sleep duration (P < 0.01),
and sleep disturbance (P < 0.01). Among the participants who
entered the study with poor sleep quality, improvements were
found in the TCC group relative to the HE group. For PSQI
global score, the 2 groups with poor sleep quality showed simi-
lar rates of decrease until 16 weeks, whereas the TCC group
continued to improve, and the HE group worsened at 25 weeks
(Figure 2). Among participants who had good sleep quality at
entry, baseline PSQI scores were low and were unchanged, re-
maining similarly low in both treatment groups during the 25
weeks. There were no significant time-by-group interactions for
the component subscales sleep latency, daytime dysfunction,
and use of sleep medications. These results were unchanged
when analyses covaried for Beck Depression Inventory scores
at baseline. Finally, to protect against Type I error, a Simes cor-
rection for correlated multiple comparisons was imposed in the
testing of interaction on the PSQI global and component scores.
With a family error rate of P = 0.05, interactions for time by
group were found for PSQI global score and component sub-
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scales sleep quality, habitual sleep efficiency, sleep duration,
and sleep disturbance.

TCC showed a within-group effect size of 1.2 for overall
sleep quality, which is comparable to the effect size of 0.91 for
all types of behavioral interventions on self-reported sleep out-
comes in older adults,” although future studies are needed to
make that empiric comparison. The estimated number needed
to treat for TCC to achieve the threshold of PSQI scores less
than 5 is 4 (95% confidence interval 1.74 to 18.19).

Growth-curve analyses investigated the differential treat-
ment responses among the participants with poor sleep qual-
ity by estimating the linear rate of change, focusing on PSQI
global score. The rate of improvement in PSQI global score was
greater in the TCC group (-0.080 PSQI global score per week;
95% confidence interval -0.111 to -0.048; P < 0.001) than in the
HE group (-0.055 PSQI global score per week; 95% confidence
interval -0.103 to -0.077; P = 0.25). At baseline, both groups
displayed similar severity of sleep impairment in the moderate
range of severity. At 25 weeks, the TCC group showed a mean
PSQI global score below the threshold for clinical sleep impair-
ment, but the HE group continued to show elevated scores.
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Figure 2—Changes in Pittsburgh Sleep Quality Index (PSQI)
global score from baseline (preintervention) to postintervention
(16 weeks) and follow-up (25 weeks) in older adults. Health edu-
cation, PSQI > 5 (o) ; Tai Chi Chih, PSQI > 5 (e); Health Educa-
tion, PSQI <5 (A) ; Tai Chi Chih, PSQI <5 (A). The shaded area
indicates the duration of the intervention from baseline to week
16.
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Figure 3—Changes in Pittsburgh Sleep Quality Index (PSQI)
sleep-quality component score from baseline (preintervention) to
postintervention (16 weeks) and follow-up (25 weeks) in older
adults. Health education, PSQI > 5 (o) ; Tai Chi Chih, PSQI >
5 (e®); Health Education, PSQI < 5 (A) ; Tai Chi Chih, PSQI < 5
(A). The shaded area indicates the duration of the intervention
from baseline to week 16.

Evaluation of TCC-relevant Variables Potential Influence on
Sleep Outcomes

Over the course of the intervention period, TCC participants
showed a significant increase in the number of minutes of at-
home TCC practice per week, from 111 + 61 minutes at week
8 to 213 + 146 minutes at week 16 (P < 0.001). In addition, all
TCC participants (100%) maintained this practice after comple-
tion of the intervention sessions (i.e., during the follow-up peri-
od), averaging 161.8 + 88.2 minutes per week over the 9 weeks
follow-up. The average cumulative at-home practice of TCC
totaled 3595 £ 2065 minutes at week 25. Finally, subjects were
asked whether they would consider further participation in TCC
after completion of the study; using a 5-point Likert scale from
1 “not at all” to 5 “extremely likely”, average scores were 4.2
+ 1.3. Despite such adherence and increases in TCC practice,
overall physical activity, as measured by metabolic equivalents
expended per week, did not change over the course of the trial
in either group (P = 0.64), which suggests that participants in
the TCC group substituted the practice of TCC for other acrobic
activity.

Severity of depressive symptoms showed an overall time
effect (P < 0.001). However, both intervention groups strati-
fied by PSQI scores showed similar rates of improvement in
depression scores, and there was no significant time-by-group
interaction. Importantly, decreases of depression scores were
not related to the differential improvement of PSQI scores in
the TCC group relative to HE.

DISCUSSION

The present findings show that TCC training is related to im-
provements in self-rated sleep quality among older adults who
report moderate severity of sleep complaints. As compared with
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HE controls, a greater proportion of TCC participants achieved
a treatment threshold as defined by a PSQI score less than 5,
which was evident 9 weeks after completion of the training. Im-
provements in self-reported sleep were consistently found in 4
of the 7 components of the PSQI, including sleep quality, sleep
efficiency, sleep duration, and sleep disturbance. No change
was found for measures of sleep latency, daytime disturbance
or sleeping medications over the course of the treatment trial;
at entry, subjects reported minimal daytime disturbances and/or
use of sleeping aids.

TCC achieved a rate of treatment response for poor sleep
quality that is comparable to levels achieved by other behavioral
treatments of insomnia.?®* In addition, the magnitude of benefit
achieved with TCC is comparable to pharmacologic treatments.
For example, for TCC to achieve a threshold of PSQI less than
5, the number of patients needed to be treated was 4, which is
comparable to the number of older adults patients needed to be
treated with paroxetine to prevent a recurrence of depression.*
In contrast, the number of patients needed to be treated with
statins to prevent another myocardial infarction is reported to
be 21.%

In a prior study, Tai Chi was also found to promote improve-
ments in measures of sleep quality. However the magnitude of
these treatment effects cannot be determined because 2 experi-
mental groups were used, without inclusion of a nontreatment
control group.'” Moreover, in contrast with the present work, this
prior study targeted older adults with and without sleep complaints
and provided information about the study’s purpose, which might
lead to reporting bias for subjective PSQI measures."’

This study has several strengths, including sample size, ran-
domization procedures, blinding of subjects to study outcome
(i.e., sleep quality), and good adherence to the intervention.
Nevertheless, conclusions from this study are constrained by
several limitations. First, sampling of older adults with higher
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social status and income may have influenced the high levels of
treatment adherence. Second, it would have been useful to ob-
tain objective measures of sleep using polysomnography, since
few insomnia-treatment studies in older adults have examined
both aspects.” Nevertheless, the PSQI shows a high sensitivity
(98.7%) in identifying insomnia in older adults,* and perceptual
aspects of sleep quality motivate physician visits, use of phar-
macologic sleep aids, and other forms of medical utilization.
However, without polysomnography, it is not known whether
this sample included subjects with sleep-disordered breathing,
nocturnal myoclonus, or another sleep disorder. Furthermore,
because exclusion of subjects with syndromal insomnia relied
on screening questions about daytime impairment, it is possible
that some subjects with insomnia symptoms were included who
also had DSM-IV chronic insomnia. Third, the study would
have benefited from a longer-term follow-up, which could have
assessed adherence to practice of TCC and maintenance of im-
provements in sleep quality.

The mechanisms underlying these relationships require fur-
ther investigation. The current study was not designed to answer
questions related to the array of physiologic, psychological, and
behavioral variables that could serve to mediate TCC effects on
sleep quality. Whereas depressive and anxiety symptoms may co-
occur with sleep disturbance,’ declines in depressive-symptom
severity were found in both intervention conditions, indicating
that changes in depressive symptoms did not mediate the differ-
ential improvement in sleep quality in the TCC group. Similarly,
because overall physical-energy expenditures did not change in
the TCC group, improvements in sleep appear to be independent
of the physical-activity component of TCC, consistent with the
findings reported by Li et al.'”” However, TCC movements are
performed slowly and gently with diaphragmatic breathing and
relaxation, and its performance decreases sympathetic output.*
Given that sympathetic arousal mechanisms, which are increased
in older adults,* are thought to perpetuate insomnia,***> we spec-
ulate that declines in sympathovagal balance may drive improve-
ments in sleep quality over the course of the intervention trial.
Interestingly, the benefits of TCC emerged after participants had
learned the 20 separate movements of TCC and were then able to
practice the full set for 9 weeks. Together, these findings suggest
a temporal progression of benefit in which TCC impacts arousal
mechanisms, followed by improvements in sleep. In contrast, the
HE group worsened during the follow-up period, indicating that
education aspects of this intervention (e.g., sleep hygiene) have
benefit but do not seem to have lasting effects.

Despite the high prevalence of sleep difficulties in commu-
nity-dwelling, healthy, older adults, few treatments focus on
improving sleep quality in those with moderate impairments,
who are not yet at a threshold of syndromal insomnia. Such pre-
ventative approaches may forestall the onset and progression
of insomnia complaints to clinical severity, which might also
have implications for depression risk as well as the onset of role
impairments in older adults.'>**** Whereas cognitive behavioral
therapy is known to be effective in the treatment of syndromal
insomnia,’ such approaches are not widely available for clinical
practice and remain underused, due in part to their necessary
delivery by highly trained clinicians. TCC is easy to implement
in community settings and is very well suited for older adults
who may have physical limitations. Moreover, study partici-
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pants valued TCC training, as evidenced by their adherence and
ongoing practice during follow-up. In conclusion, TCC can be
considered a useful nonpharmacologic approach to improve
sleep quality in older adults with moderate complaints and,
thereby, has the potential to ameliorate sleep complaints, pos-
sibly before syndromal insomnia develops.
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