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OBJECTIVES: To determine whether an intense tai chi
(TC) exercise program could reduce the risk of falls more
than a wellness education (WE) program in older adults
meeting criteria for transitioning to frailty.

DESIGN: Randomized, controlled trial of 48 weeks
duration.

SETTING: Twenty congregate living facilities in the great-
er Atlanta area.

PARTICIPANTS: Sample of 291 women and 20 men aged
70 to 97.

MEASUREMENTS: Demographics, time to first fall and
all subsequent falls, functional measures, Sickness Impact
Profile, Centers for Epidemiologic StudiesFDepression
Scale, Activities-specific Balance Confidence Scale, Falls
Efficacy Scales, and adherence to interventions.

RESULTS: The risk ratio (RR) of falling was not statisti-
cally different in the TC group and the WE group
(RR50.75, 95% confidence interval (CI)50.52–1.08),
P5.13). Over the 48 weeks of intervention, 46% (n5132)
of the participants did not fall; the percentage of
participants that fell at least once was 47.6% for the TC
group and 60.3% for the WE group.

CONCLUSION: TC did not reduce the RR of falling in
transitionally frail, older adults, but the direction of effect
observed in this study, together with positive findings seen

previously in more-robust older adults, suggests that TC
may be clinically important and should be evaluated further
in this high-risk population. J Am Geriatr Soc 51:1693–
1701, 2003.
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Falls by older persons are a major public health problem
resulting in significant consequences for individuals,

their families, and healthcare delivery systems.1–3 Falls may
augment fear in elderly individuals while also tending to
adversely affect efforts to socialize and engage in physical
activity.4–7 Innovative approaches designed to minimize
falling are therefore warranted.

Recently, there has been an increased interest in
providing exercise interventions to delay or reduce the risk
of falling in older adults. A group of investigators reviewed
exercise programs and their effect upon risk for falls and
fractures and concluded that exercises designed to improve
balance and strengthen lower extremities may reduce the
risk of falling and that physical activity was associated with
a 20% to 40% reduction in risk of hip fractures.8 Through a
preplanned meta-analysis, the Frailty and Injuries: Coop-
erative Studies of Intervention Techniques (FICSIT) trials
examined the effect of balance, flexibility, endurance,
resistance training, and physical therapy exercise interven-
tions in reducing the risk of falling in older adults at eight
sites. This meta-analysis did not show a significant effect of
endurance, resistance, or flexibility exercises on falls risk,
but there was a 10% reduction in falls risk with general
exercise programs and a 17% reduction with balance-
oriented exercises.9 Of the balance interventions, the 16-
week tai chi (TC) intervention trial resulted in an adjusted
risk ratio for falls of 0.525 compared with a 16-week
wellness education (WE) program.10

Results from more-recent studies have suggested that
TC training may improve strength and flexibility,11,12

balance,13bloodpressure,14and cardiorespiratory function15
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in older adults. Although these findings support the benefits
of TC as an exercise form, participants in all these studies
were robust elderly. An unresolved question therefore is
whether TC benefits older individuals who are less robust,
that is, who are transitioning to frailty.

Herein, the authors report the first prospective, single-
blinded, randomized clinical trial to compare an intense TC
exercise program of 48 weeks duration with a WE program
of similar duration on falls occurrences in elderly partici-
pants who met the criteria for transitional frailty.16 The
authors hypothesized that a TC program of this intensity
would be necessary to produce an effect size comparable to
that demonstrated in a 16-week programwith more-robust,
older participants.10

METHODS

Facilities

This study was conducted in 20 congregate living facilities
located in the greater Atlanta metropolitan area between
September 1997 and August 2001. The target recruitment
goal was to enroll at least 15 participants from each facility.
Twelve facilities had more than 15 participants (maximum
of 19), and all participants were allowed to enroll. Facilities
were recruited in pairs by whether they were Housing and
Urban Development (n5 14) or private (n56) sites and
then randomized to the TC or WE intervention group. A
total capacity of 4,032 older adults could reside in the 20
congregate living facilities; the number per facility ranged
from 98 to 349. Evaluators were blinded to intervention
allocation, instructors were blinded to outcome measures,
and participants were instructed not to disclose the
intervention they received. The Emory University human
investigation committee approved this study. Written
informed consent was obtained from all participants before
their enrollment.

Eligibility Criteria

Details regarding the design and methodology of this trial
have been reported elsewhere.17 Briefly, to be eligible for
inclusion, all persons had to be aged 70 and older and
transitioning to frailty. Ten attributes based upon age, gait/
balance, walking activity for exercise, other physical
activity for exercise, presence or absence of depression,
use of sedatives, near-vision status, upper and lower
extremity strength, and lower extremity disability are used
to define this transition.16 Older adults are considered
‘‘vigorous’’ persons if they possess at least three vigorous
and no more than two frail attributes. Frail elderly adults
have at least four frail and no more than one vigorous
attribute. Elderly adults were defined as transitionally frail
if they did not meet the frail or vigorous criteria. Also, all
potential participants had to have fallen at least once in the
past year. Potential participants at each congregate living
facility were excluded if the health survey or physical
examination revealed any symptoms or signs consistent
with major unstable cardiopulmonary diseases (ischemic
chest pain, unaccustomed shortness of breath, shortness of
breath with mild exertion, recurrent syncopal episodes,
orthopnea, paroxysmal nocturnal dyspnea, palpitations,
tachycardia, claudication, or severe pitting ankle edema);

cognitive impairment defined as a Mini-Mental State
Examination (MMSE) score of less than 24; contraindica-
tions to physical exercise, such as major orthopedic
conditions (e.g., severe lumbar spine, hip, knee, or ankle
arthritis that limits exercise capability); restricted to a
wheelchair; terminal cancer; or evidence of any other
progressive or unstable neurological or medical condition.

Interventions

TC consists of slow, rhythmic movements that emphasize
trunk rotation, weight shifting, coordination, and a gradual
narrowing of lower extremity stance. Six of the 24
simplified TC forms that best exemplified these movements
and could be combined into a final product (2 continuous
minutes of unassisted TC exercise) were used.18 All TC
exercise was standardized by having the two instructors
practice with one another until their execution of the
movement forms to be taught in each class were identical.
One instructor was a TC grand master, and the other was
his student, who had studied with him for more than 5
years. Participants progressed from often being dependent
on assistive devices for upright support to performing 2
continuous minutes of TC without support. TC was taught
at each facility randomized to that intervention. ‘‘Intense’’
TC was defined as two sessions a week at increasing
durations starting at 60 minutes contact time and progres-
sing to 90 minutes over the course of 48 weeks. The actual
‘‘work’’ time, exclusive of warm up and cool down,
progressed from approximately 10 minutes to 50 minutes
over the course of the 48 weeks. Intensity must also be
considered within the context of the capability of the
participants and the physiological effort they were required
to exert.

The WE program was given at participating facilities
for an hour each week and consisted of instruction about
falls prevention; exercise and balance; diet and nutrition;
pharmacological management; legal issues relevant to
health; changes in body function; and mental health issues
such as stress, depression, and life changes. Interactive
handout materials were provided, but there was no formal
instruction in exercise. The total time for individual
attention from each instructor to participants in each group
was comparable.

Quantification of Fall Events

Fall events represent the primary outcome measure for this
study and were defined as events in which the participant
unintentionally came to rest on an object (e.g., person,
table, chest of drawers) that prevented center of mass from
exceeding the base of support or came to rest on the floor or
a lower object because the center of mass exceeded the base
of support. This definition of a fall event is consistent with
the definition used in the Atlanta FICSIT site study.10

Participants were asked to complete two forms. The first
form required identifying the day in which one or more falls
occurred, and the second form provided a checklist for the
type(s) of fall(s) and circumstances surrounding each fall.
The second form allowed the participant to check the type
of fall, the reason for the fall, the extent of injury if any
occurred, and the need for any medical intervention.
Injurious falls were defined as falls resulting in hospital
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visits or admission for the treatment of a fracture or
suspected fracture. Participants were requested to submit
their forms to the instructor weekly. Fall reports were
reviewed monthly. After the first month of the study, only
sporadic omissions or mistakes were made. These mistakes
were followed up with a phone call to obtain the correct
information.

Participants who reported a fall were called within 1
week after the report was reviewed to confirm the fall,
obtain more-detailed information regarding its nature, and
ascertain the extent of injury and use of healthcare services.
Participants who did not turn in their forms, provided
incomplete forms, or filled out forms incorrectly were called
within 1 to 2 weeks after the regularly scheduled review.

Measurement of Function

Functional measurements were performed every 4 months
and were selected based upon their proven reliability and
validity, simplicity to administer, minimal expense, and ease
of transport and assembly at each site. Interrater reliability
of the evaluation team was assessed during prestudy
training and reassessed every month for the first 18 months
of the trial by having all evaluators perform functional
measures concurrently on participants; reliability was
maintained at kappa of 0.98 or greater. Measures included
the distance participants could reach the arm forward at 901
shoulder flexion without moving their feet (functional reach
test19), elements from the Berg balance test20 (3601 turn and
picking up an object from the floor), single limb support
with eyes open and closed,21,22 three consecutive chair
stands,23 and time to complete a 10-meter walk.23

Measurement of Behavior

Fear of falling was assessed quarterly using the Falls
Efficacy Scale24 and the Activities-specific Balance Con-
fidence Scale.25 Health-related quality of life was assessed
at baseline and after 1 year using the Sickness Impact Profile
(SIP).26 This 136-item test is divided into 12 categories.
Categories can be scored independently or combined to
produce an overall summary score. Three of the 12
categories were summed to form a physical score, and four
categories were grouped to provide a psychosocial score.
Depression was evaluated quarterly using the Centers for
Epidemiologic StudiesFDepression Scale.27 This test for
depression consists of 20 items measuring four domains of
depressive symptoms, including depressive affect, positive
affect, somatic symptoms, and interpersonal relationships.
Scores of 16 or greater are indicative of depression.
Cognitive impairment was evaluated at baseline and after
1 year using the MMSE.28

Additional Measurements and Definitions

The evaluating physician assessed height, weight, muscle
strength through manual muscle testing, range of active
joint motion in all limbs, and vital signs. Sensation and
visual acuity were also recorded every 4 months. Grip
strength was measured using handheld dynamometry.
Changes in pharmacological intake, health status, and
exercise activities were also recorded. Previous fall-related
fractures were defined as self-reported fractures of long
bones in the extremities at age 65 or older.

Besides injurious falls, other adverse events followed
throughout this study were deaths and hospitalizations
caused by medical or surgical problems probably unrelated
to participation.

DROPOUTS

Dropouts were defined as participants who were noncom-
pliant or missed more than 8 consecutive weeks of the
intervention, usually due to declining health. Beyond this
interval, learning TC movement forms or WE materials
already covered by the classes would have impeded the
progress of those classes. Every effort was made to secure
quarterly follow-up data from all randomized participants.

Sample Size and Study Power

The main hypothesis for this study was that TC would
reduce falls risk by 50% more than WE. The estimates of
the required sample size were based on the adjusted risk of
0.525 from the Atlanta FICSIT study,10 on the risk of falling
within 48 weeks for a WE participant of 0.22,10 and a two-
sided log-rank test for the time to first fall. An overall
sample size of 392 participants (196 participants per group)
would achieve an 80% power at a two-sided 0.05
significance level to detect a risk ratio (RR) of 0.50 when
comparing the TC and WE groups after the 48-week
intervention period. The original power calculation as-
sumed that sufficient facilities could participate to fulfill
recruitment requirements. Because 311 persons at 20
facilities were recruited, rather than the originally estimated
392, a reestimated power analysis showed a greater than
70% power to detect a RR of 0.50. These power
calculations allow for a 15% dropout rate for each of the
intervention groups across the entire trial (approximately
the same dropout rate as the Atlanta FICSIT trial that
assessed more-robust, older adults).10 The sample size
estimate and statistical power for this trial assume a weak
but negligible effect for randomization by center. This
assumption is based in part on the primary outcome being
falls.

Statistical Analyses

Univariate and multivariate statistical methods were used
to estimate the RR for falling for TC compared with WE
participants. Baseline measurements of TC and WE
participants were compared using a permutation test29 in
which the unit of randomization is the center pair. The
primary analyses compared the frequency of falls in the two
groups using the Wei, Lin, and Weissfeld (WLW)30

extension of the Cox proportional hazards model. Like
the Coxmodel, theWLWmethodmodels the hazard of falls
(the risk of a fall during a brief time interval) in terms of the
intervention group and relevant covariates. Unlike the Cox
method, theWLWmethod allows for the event of interest to
occur more than once. The RR was used as the measure of
association. Moreover, using the WLW method, data were
analyzed adjusting for site (center); that is, it was assumed
that each center had a separate baseline hazard function. All
statistical analyses were based on the intention-to-treat
principal, that is, all participants were analyzed as
randomized.
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A priori, the authors included selected demographic
characteristics (age, sex, ethnicity, education, and marital
status) and risk factors for falls (fear of falling, depression,
gait speed, use of walking aids, exercise, history of previous
fractures, health status, and strength) as covariates based
upon previous literature.1,5 To assess whether subgroup
variation in risk ratios was significant, the relevant
interaction terms between the intervention group and the
covariate were entered into the WLW model using the .05
level of significance. For a covariate to be a confounder and
included in the final WLW model, it had to lead to a 10%
change in the RR. Ninety-five percent confidence intervals
(CIs) were calculated for the RRs comparing the TC group
with the WE group.

RESULTS

From December 1997 to September 1999, 311 persons
were enrolled in this trial. A recruitment and randomization
flow chart is shown in Figure 1. Twenty-four participants
randomized to TC (n5 12) and WE (n5 12) withdrew
immediately after randomization because they were no
longer interested (n57), perceived their health to be too
poor (n55), were denied physician approval to participate
(n5 7), experienced catastrophic health events (n5 3), or
died (n52). One additional participant was later excluded
from the analysis because of the previously undetected
diagnosis of Parkinson’s disease.

Most clinical characteristics of the two groups were
similar at baseline (Table 1), including all attributes.16 The
24 persons who dropped out after randomization assign-
ment had similar baseline characteristics as those in their
respective treatment groups. Of the remaining 286 partici-
pants, 69 (24%) did not complete the intervention: 37 in the
TC group and 32 in the WE group. The number of persons
who dropped out of the trial did not differ significantly
between groups.

At baseline, persons in the TC group used a walking aid
less often (P5.02) and had a better total SIP (P5.04) and
SIP physical dimension (P5.001) score than those in the
WE group.

The number of participants who fell at least once
during each month for the 48 weeks of evaluation is plotted
in Figure 2. Individual rates were not determined because
some participants fell multiple times. For the TC partici-
pants, the greatest number of falls occurred during Month
1, whereas for the WE participants, the greatest number of
falls occurred during Month 4. During the early learning
phase of TC training (Months 1–3), the number of injurious
falls was similar in the TC (n53) and WE (n54) groups.
There were no differences between groups for other adverse
events.

The RR for falls adjusted for center over the entire 48
weeks of evaluation for the TC compared with the WE
group was 0.75 (95% CI50.52–1.08). Over the 48 weeks
of evaluation, 46% (n5132) of the participants did not
fall, and the percentage of participants that fell at least once
was 47.6% in the TC group and 60.3% for the WE group
(Table 2).

Each baseline variable in Table 1 was assessed in the
WLW model for interaction (effect modification)-by-treat-
ment group. Previous fall-related fractures (P5.02) and

education (P5.02) were the only two variables that
modified the effect of treatment group significantly. For
those persons with previous fall-related fractures, the fall
rate in the TC group was higher but not statistically
significantly different from that in the WE group
(RR5 1.76, 95% CI50.78–3.96). Participants in the TC
group without previous fall fractures had significantly
lower fall rates than those in the WE group (RR5 0.58,
95%CI50.38–0.90). Participants in the TC group with no
high school degree had significantly lower fall rates than
those in the WE group (RR50.41, 95% CI50.23–0.72),
whereas participants in the TC group with a high school
degree or higher had a similar fall rate to that of those in the
WE group (RR51.06, 95% CI50.64–1.76). Participants
with no high school degree were significantly less physically
active at baseline than participants with a high school
education or greater (P5.014).

Figure 1. Progress through the stages of the tai chi (TC) and
wellness education (WE) study, including flow of participants,
withdrawals, and inclusion in analyses.1 Not meeting inclusion
criteria reasons: too frail (n5 7); chose to stop screening
procedure (n5 7); progressive neurological disease (n5 6); too
robust (n5 5); unstable coronary status (n5 5); Mini-Mental
State Examination score o24 (n5 4); orthopedic problems
(n5 3); emotionally unstable/early dementia (n5 2); recent
cerebrovascular accident (n5 2); untreated abdominal aneu-
rysm (n5 1); severely compromised vision (n5 1).2 Declining
health reasons: injuries/fractures (n5 4, TC; n5 5, WE);
deteriorating vision (n5 3, TC); cardiac (n5 3, TC; n5 3,
WE); musculoskeletal/neurological impairment (n5 10, TC;
n5 4, WE); loss of independence (n5 1, TC; n5 6, WE); stroke
(n5 1, TC; n5 2, WE); cancer (n5 1, TC; n5 2, WE); diabetes
mellitus (n5 1, TC; n5 1, WE); diverticulitis (n5 1, TC); major
surgery (n5 1, TC); asthma (n5 1, TC); hospitalized at time of
post intervention interview (subject later died) (n5 1, TC);
prolonged illness (n5 1, WE).
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Table 1. Baseline Characteristics of Study Subjects (N5286)

Characteristic Tai Chi (n5 145) Wellness (n5 141) P-value

Age
Mean7SD 80.976.6 80.875.8
Median 82 81
Range 70–95 70–97 .80

Ethnicity, n (%)
Caucasian 116 (80.0) 115 (81.6)
Non-Caucasian 29 (20.0) 26 (19.4) .62

Education, n (%)
Did not complete high school 29 (20.0) 31 (22.0)
High school and beyond 116 (80.0) 110 (78.0) .97

Sex, n (%)
Male 8 (5.5) 9 (6.4)
Female 137 (94.5) 132 (93.6) .72

Marital status, n (%)
Widowed 108 (74.5) 105 (74.5)
Other 37 (25.5) 36 (25.5) .99

Fear of falling by falls efficacy scale
Mean7SD� 19.976.2 20.476.1
Median 20.0 19.0
Range 10–38 10–40 .54

Fear of falling by Activities-specific Balance
and Confidence Scale, %w

Mean7SD 53.2719.4 50.4721.1
Median 52.5 48.1
Range 10.6–99.4 0–96.6 .27

Depression by Centers for Epidemiologic
Studies Depression Scale (CES-D), n (%)
Absent (CES-D5 0–15) 104 (75.9) 101 (74.3)
Present (CES-D5 16–60) 33 (24.1) 35 (25.7) .80

Functional reach, inches
Mean7SD 11.6873.00 10.5273.09
Median 12.13 10.71
Range 2.35–17.33 0.05–17.83 .04

Gait speed, m/s
Mean7SD 1.0270.34 0.9470.30
Median 1.03 0.92
Range 0.26–2.28 0.28–1.73 .13

Three chair stand, seconds
Mean7SD 10.9574.37 10.3774.01
Median 9.80 9.65
Range 5.45–24.93 1.24–24.05 .33

3601 turn
Mean7SD 4.5472.85 4.9572.79 .50
Median 3.99 4.35
Range 1.70–28.74 1.76–19.78

Single limb support
Eyes open - right

Mean7SD 2.6972.61 2.1571.91 .03
Median 1.88 1.67
Range 0.44–16.83 0.12–16.22

Eyes open - left
Mean7SD 2.7072.60 2.1671.90 .16
Median 1.79 1.58
Range 0.32–12.21 0.35–14.68

Eyes closed - right
Mean7SD 1.3570.84 1.3070.78 .56
Median 1.22 1.12
Range 0.32–8.13 0.34–5.74

(continued)
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After assessing each baseline variable in Table 1 (other
than education and prior history of fall-related fractures)
for potential confounding, only one statistically significant
variable, the SIP psychosocial dimension (P5.05), was
found. In both intervention groups, persons with better
(lower) psychosocial scores had lower fall RRs than those
with worse (higher) psychosocial scores. The inclusion of
the psychosocial SIP scores had little effect on the overall
risk ratio (RR50.78, 95% CI50.54–1.14) and thus was
not considered a confounding factor.

Each participant was transitionally frail and had as
many as seven frail attributes or as few as three frail
attributes. When the analysis controlled for the number of
frail attributes in the participants, no statistically significant
differences in fall RR was observed between the TC group
and the WE group (RR50.75, 95% CI50.51–1.09).

Adherence to the TC exercise and to the WE program
was assessed by maintaining weekly attendance records and
calculating the percentage of total sessions attended. The
average7standard deviation attendance in the TC group

Characteristic Tai Chi (n5 145) Wellness (n5 141) P-value

Eyes closed - left
Mean 7 SD 1.2870.58 1.1570.59 .16
Median 1.24 1.06
Range 0.03–1.24 0.34–1.06

Speechley et al. frailty
characteristics, n (%)
AgeZ80 80 (55.2) 83 (58.9) .51
Impaired gait/balance46,47 134 (92.4) 134 (95.0) .36
Walking for exercisez 50 (34.5) 39 (27.7) .48
Other physical exercisez 57 (39.3) 55 (39.0) .98
Depression§ 51 (35.2) 53 (37.6) .61
Use of sedatives8 36 (24.8) 34 (24.1) .86
Near vision 142 (97.9) 139 (98.6) .62
Impaired upper extremity strength 23 (15.9) 25 (17.7) .70
Impaired lower extremity strength 36 (24.8) 40 (28.4) .59
Lower extremity disabilityz 53 (36.6) 55 (39.0) .73

Use of walking aid, n (%) 62 (42.8) 80 (56.7) .02
Any regular physical activity, n (%) 88 (53.7) 76 (46.3) .54
History of previous fractures, n (%) 35 (24.1) 29 (20.6) .61
Sickness impact profile

Mean7SD 12.178.8 15.7710.7 .04
Median 9.7 13.3
Range 0–47 0–45

Psychosocial dimension
Mean7SD 10.0710.3 13.5714.1 .18
Median 6.5 8.1
Range 0–42 0–76

Physical dimension
Mean7SD 12.979.0 16.6710.6 .001
Median 11.6 14.7
Range 0–51 0–43

Grip strength
Right

Mean7SD 17.376.0 16.975.3 .35
Median 17.7 16.3
Range 0.0–36.0 5.0–38.7

Left
Mean7SD 16.075.2 15.575.4 .34
Median 15.7 15.0
Range 2.3–33.3 4.3–34.3

�105 not at all concerned about falling; 405 very concerned about falling.
wConfidence in percentage not to lose balance.
zExercise: moderate intensity (Z12 rating on Borg Scale) and accumulation of Z60 minutes per week and duration of Z6 months during past year.
§Use of antidepressants or Z16 on CES-D scale.
8 Sedatives5 narcotics, benzodiazepines, antidepressants, or phenothiazines.
zGross lower extremity motor impairment; disability and impairment based upon Ref 16 definitions (for original sources, see References 46 and 47).
SD5 standard deviation.

Table 1. (Continued)
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was 76719% (range: 6–100%), whereas the average
attendance for the WE group was 81717% (range: 10–
100%); this difference was marginally statistically signifi-
cant (P5.06). When attendance was evaluated in the WLW
model adjusted for center, a statistically significant effect of
attendance (P5.006) was found; TC and WE participant
groups who attended their sessions had a lower risk for
falls. The RR for falls comparing TC with WE adjusted for
attendance was 0.71 (95% CI50.49–1.03), similar to that
found earlier without adjusting for attendance.

Both TC instructors, who were blinded to study
outcomes, independently informed the authors after the
interventions were completed that it took about 3 months
for most TC participants to progress from often being
dependent on assistive devices for upright support to
performing TC movement forms without support and to
increase the intensity of the exercise from 20 to 50 minutes.
Therefore, post hoc analyses were undertaken. The TC
group had a significantly lower risk of falls adjusted for
center from Month 4 through Month 12 (RR50.54, 95%
CI50.36–0.81) than the WE group. If Month 4 was
eliminated from the analysis because of the marked increase
in falls during that month for theWE group, the RR for falls
for the TC group compared with the WE group was also
significantly reduced from Month 5 through Month 12
(RR50.61, 95% CI50.40–0.94).

No adverse events occurred during the TC or WE
intervention. One participant sustained an ankle abrasion
during the medical evaluation.

DISCUSSION
The results from this study show that a 48-week TC
intervention for transitionally frail older adults did not lead
to a statistically significant reduction in fall risk. In the
FICSIT trials, it was demonstrated that a modest TC
intervention of 1 to 2 h/w for 15 weeks resulted in an
adjusted RR of 0.525 compared with an education group.

There are several potential reasons why the results of
this study did not achieve statistical significance, as in the
FICSIT study. First, in determining the sample size
requirements, the authors did not anticipate the time delay
required for these transitionally frail persons to be fully
performing the TC forms and overestimated the TC benefit
over WE. Second, the effectiveness of intense TC in a frailer
older population may not reach the magnitude seen in
robust older adults undergoing a less intense TC training
experience.

Third, although there were no differences in falls risk
between the two groups by number of frail attributes at
baseline, the definition of transitional frailty might be
imprecise, leading to reduced study power. Recently, a study
validated a new definition of frailty, which should allow for
more precision in future studies of persons transitioning to
frailty.31

Fourth, this present study had the power to detect a
50%but not a 25% reduction in fall rate, especially because
the event rate in the WE group was higher than predicted.
However, the authors based their original power calcula-
tion on the a priori premise of accruing a larger sample size
and a 50% reduction in fall rate in the TC group, not on the
number of actual falls that occurred in the WE group. A
post hoc power analysis showed that, given the number of
study participants and the fall rate in the WE group, this
study would have been able to detect a 28% reduction in
fall rate. Thus, the reduction in risk seen in this study is
probably clinically important, although not statistically
significant.

Fifth, over the 48 weeks, there appeared to be a
slight decline in the number of falls per month in the WE
group. Health promotion can be an effective intervention
in preventing disease or injury.32–34 The WE activities
may have motivated some participants to become more
physically active, adopt healthier and safer lifestyles,
and thus reduce their risk factors for falling, although
the study did not measure the individual effectiveness
of these potential cointerventions. Finally, the extent to
which the weekly recording of fall events with active
follow-up could have led to an increased awareness
awaits study.

Figure 2. Percentage of participants that fell at least once by
intervention and month (ordinate) and participants from whom
data were obtained by month (abscissa).

Table 2. Number and Frequency (Percentage) of Fall Events Per Participant By Intervention

Falls, n (%)

Intervention 0 1 2 3 4 5 6 7

Tai chi 76 (52.4) 36 (24.8) 20 (13.8) 7 (4.8) 3 (2.1) 1 (0.7) 1 (0.7) 1 (0.7)
Wellness 56 (39.7) 43 (30.5) 20 (14.2) 10 (7.1) 5 (3.5) 5 (3.5) 2 (1.4) 0 (0.0)
Total 132 (46.2) 79 (27.6) 40 (14.0) 17 (5.9) 8 (2.8) 6 (2.1) 3 (1.0) 1 (0.3)
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Among those participants who had not sustained a
fracture since the age of 65, 42% fewer falls in the TC group
than in the WE group was observed. To the authors’
knowledge, there are no studies investigating the relation-
ship between falling and exercise training in older,
transitionally frail adults with previous fractures. Never-
theless, another study showed that older, postmenopausal
women, all of whom had histories of upper extremity
fractures and were randomized to a brisk walking program,
achieved a higher cumulative risk of falls than did
participants randomized to an upper extremity exercise
program.35 Further research is needed to determine the
reasons why vigorous exercise programs, such as brisk
walking or TC, may have a greater effect on delaying falls in
older persons without a fracture after age 65.

This study also observed that persons with less than a
high school degree had a reduced risk of falling if they were
in the TC group than if they were in theWE group. Another
study has shown that better educated older adults are more
likely to exercise without prompting or instruction than are
those with less education.36 Because less-educated adults
were significantly less physically active at baseline, they
might have had a larger window of acceptance and
involvement with a structured exercise program such as
TC, have practiced the exercise forms with greater intensity
and awareness, and consequently, have experienced a lower
falls risk.

The finding of a latent treatment effect from TC is not
surprising, given that the basic TC forms require periods of
learning, of increasing intensity, and of confidence in
performing these forms. Nevertheless, the result was
unanticipated, because no previous study on TC interven-
tions with older adults examined this possible effect.9–11

Although some physical interventions for older adults can
produce noticeable results within a few weeks,37 other
programs may require 3 months38–42 or longer43 before
significant physiological and health status changes can be
observed. For example, one study showed that achieving
the effect of moderate intensity physical exercise on
improvements in sleep quality took more than 8 weeks,40

whereas another study demonstrated that cardiovascular
benefits following exercise were enhanced substantially by
6 months and even more profoundly after 1 year.43

Similarly, other studies using multiple interventions, in-
cluding exercise, tend to produce significant improvement
in more-robust older persons. For example, one study’s
findings suggest that the effect of the multifactorial
intervention in reducing falls in older persons was greater
after 2 to 3 months of the intervention.5 Nevertheless,
because this present study’s finding was unexpected, it
should be interpreted with caution.

The differences in baseline physical health scores of the
SIP indicate that the TC participants perceived their
physical health to be better than WE participants in the
areas of ambulation, mobility, and activities of daily living,
even though there were no differences between the two
groups in their performance test scores. Previous studies
have shown that, although performance and perceived
health status are related, they are separate constructs, each
affected by multiple factors, such as sociodemographic
characteristics, cognitive status, and emotional well-
being.44 However, a preliminary analysis of SIP outcome

data suggest that the differences in perception by the two
groups did not affect the outcome measure of time to falls.

Although TC participants apparently had some func-
tional scores at baseline that were better than those of their
WE counterparts, these differences were significant only for
functional reach, right single limb support with eyes open,
and walking aid use. Because randomization occurred by
facility and none of the participants at these locations were
aware of the intervention to which they were randomized
until after signing informed consent, there is no reason to
place much value in these baseline differences. Further-
more, male participants were underrepresented. Greater
participation by women was anticipated. Few men came to
the recruitment events, and anecdotal comments from
spouses indicated that greater frailty or engagement in other
activities might have been the primary reasons for the lack
of male participation.

TC is a relatively new concept in western culture.
Performance of TC relies more on recollection of images
than memorization of instruction,45,46 suggesting that this
exercise might influence cognitive processes. This concept,
as well as how TC improves certain physical attributes,
such as muscle strength, balance and posture, range of
motion, and function, awaits study.

The health of sedentary older persons would benefit
greatly if they adopted a more physically active lifestyle.
The duration of effect in this study, together with positive
findings seen previously in more robust older adults,10

suggests that attempts to provide TC in the general
community should form the basis for future investigations.

ACKNOWLEDGMENTS

We are indebted to Nana Freret, RN, MS, for her efforts at
coordinating this project; Susan Murphy for her assistance
in project coordination; Lois Ricci, RN, EdD, and Carol
Holbert, PhD, RN, for provision of the wellness program;
Mary Jowers, RN, for her assistance with evaluations and
falls surveillance, Tingsen Xu, PhD, tai chi Grand Master,
for devising and implementing the tai chi program, and
Gregory Bailey for provision of tai chi exercise classes at
half the facilities. We are appreciative of the statistical
analysis support provided by George Cotsonis, MS, and
Aaron Curns, MPH. We also wish to acknowledge
personnel at the Center for Human Movement Studies,
Department of Health and Performance Sciences, Georgia
Institute of Technology (Alanna Albrecht Oliver, Dwight
Waddell, PhD, Marc Broberg, Cary Ullman, and Webb
Smith) for assistance in biomechanical studies.

REFERENCES

1. Sattin RW. Falls among older persons: A public health perspective. Annu Rev

Public Health 1992;13:489–508.

2. Rivara FP, Grossman DC, Cummings P. Medical progress: Injury prevention.

N Engl J Med 1997;337:613–618.

3. Kannus P, Parkkari J, Koskinen S et al. Fall-induced injuries and deaths among

older adults. JAMA 1999;281:1895–1899.

4. Popovic JR, HallMJ. 1999National Hospital Discharge Survey. Advance Data

from Vital and Health Statistics. No. 319. Hyattsville, MD: National Center

for Health Statistics, 2001.

5. Tinetti ME, Baker DI, McAvay G et al. A multifactorial intervention to reduce

the risk of falling among elderly people living in the community. N Engl J Med

1994;331:821–827.

1700 WOLF ET AL. DECEMBER 2003–VOL. 51, NO. 12 JAGS



6. Brainsky A, Glick H, Lydick E et al. The economic cost of hip fractures in

community-dwelling older adults: A prospective study. J Am Geriatr Soc

1997;45:281–287.

7. Englander F, Hodson TJ, Terregrossa RA. Economic dimensions of slip and fall

injuries. J Forensic Sci 1996;41:733–746.

8. Gregg EW, Pereira MA, Caspersen CJ. Physical activity, falls, and fractures

among older adults: A review of the epidemiologic evidence. J Am Geriatr Soc

2000;48:883–893.

9. Province MA, Hadley EC, HornbrookMC et al. The effects of exercise on falls

in elderly patients. JAMA 1995;273:1341–1347.

10. Wolf SL, Barnhart HX, Kutner NG et al. Exercise training and subsequent falls

among older persons: Comparison of tai chi and computerized balance

training. J Am Geriatr Soc 1996;44:489–497.

11. Lan C, Lai JS, Chen SS et al. A 12-month tai chi training in the elderly. Its

effects on health fitness. Med Sci Sports Exerc 1998;30:344–351.

12. Hong Y, Li JX, Robinson PD. Balance control, flexibility and cardiorespiratory

fitness among older tai chi practitioners. Br J Sports Med 2000;34:29–34.

13. Yan JH. Tai chi practice improves senior citizens’ balance and arm movement

control. J Aging Phys Perform 1998;6:271–294.

14. Young DR, Appel LJ, Jee SH et al. The effects of aerobic exercise and t’ai chi on

blood pressure in older people: Results of a randomized trial. J AmGeriatr Soc

1999;47:277–284.

15. Lan C, Chen SY, Lai JS et al. Effect of tai chi on cardiorespiratory function in

patients with coronary artery bypass surgery. Med Sci Sports Exerc

1999;31:634–638.

16. Speechley M, Tinetti ME. Falls and injuries in frail and vigorous community

elderly persons. J Am Geriatr Soc 1991;39:46–52.

17. Wolf SL, Sattin RW,O’GradyM et al. A study design to investigate the effect of

intense tai chi in reducing falls among older adults transitioning to frailty.

Control Clin Trials 2001;22:689–704.

18. Wolf SL, McNeely E, Coogler CE et al. Exploring the basis for tai chi quan as a

therapeutic exercise approach. Arch Phys Med Rehabil 1997;78:886–892.

19. Duncan PW, Studenski S, Chandler J et al. Functional reach. Predictive validity

in a sample of elderly male veterans. J Gerontol 1992;47:M93–M98.

20. Berg KO, Wood-Dauphinee SL, Williams JI et al. Measuring balance in the

elderly. Validation of an instrument. Can J Public Health 1992;83(Suppl. 2):S7–

S11.

21. Bohannon RW, Larkin PA, Cook AC. Decrease in timed balance test scores

with age. Phys Ther 1984;64:1067–1070.

22. Kaye JA, Oken BS, Howieson J. Neurologic evaluation of the optimally

healthy oldest old. Arch Neurol 1994;51:1205–1211.

23. Gill TM, Williams CS, Tinetti M. Assessing risk for the onset of functional

dependence among older adults: The role of physical performance. J Am

Geriatr Soc 1995;43:603–609.

24. Tinetti ME, Richman D, Powell L. Falls efficacy as a measure of fear of falling.

J Gerontol 1990;45:P239–P243.

25. Powell L, Myers AM. The activities-specific balance confidence (ABC) scale. J

Gerontol B Psychol Sci Soc Sci 1995;50B:M28–M34.

26. Bergner M, Bobbitt R, Carter W et al. The Sickness Impact Profile.

Development and final revision of a health status measure. Med Care

1981;19:787–805.

27. Radloff LS. The CES-D Scale. A self-report depression scale for research in the

general population. Appl Psychol Meas 1977;1:385–401.

28. FolsteinMF, Folstein SE,McHugh PR. ‘Mini-mental state’. A practical method

for grading the cognitive status of patients for the clinician. J Psychiatr Res

1975;12:189–198.

29. Feinstein AR. Clinical Biostatistics. St. Louis: Mosby, 1977.

30. Wei LJ, Lin DY, Weissfeld L. Regression analysis of multivariate incomplete

failure time data by modeling marginal distributions. J Am Stat Assn

1989;84:1065–1073.

31. Fried LP, Tangen CM, Walston J et al. Frailty in older adults: Evidence for a

phenotype. J Gerontol A Biol Sci Med Sci 2001;56A:M146–M156.

32. McGinnis JM, Foege WH. Actual causes of death in the United States. JAMA

1993;270:2207–2212.

33. Pate RR, Pratt M, Blair SN. Physical activity and public health:

A recommendation from the Centers for Disease Control and Pre-

vention and the American College of Sports Medicine. JAMA 1995;273:

402–407.

34. Multiple Risk Factor Intervention Trial Research Group. Multiple risk factor

intervention trial. Risk factor changes and mortality results. JAMA

1982;248:1465–1477.

35. Ebrahim S, Thompson PW, Baskaran V et al. Randomized placebo-controlled

trial of brisk walking in the prevention of postmenopausal osteoporosis. Age

Ageing 1997;26:253–260.

36. Ruchlin HS, Lachs MS. Prevalence and correlates of exercise among older

adults. J Appl Gerontol 1999;18:341–357.

37. Keteyian SJ, Brawner CA, Schairer JR. Exercise testing and training of patients

with heart failure due to left ventricular systolic dysfunction. J Cardiopulm

Rehabil 1997;17:19–28.

38. Yarasheski KE, Campbell JA, Kohrt WM. Effect of resistance exercise and

growth hormone on bone density in older men. Clin Endocrinol 1997;47:223–

229.

39. Braith RW, Pollock ML, Lowenthal DT et al. Moderate- and high-intensity

exercise lowers blood pressure in normotensive subjects 60–79 years of age.

Am J Cardiol 1994;73:24–28.

40. King AC,Oman RF, BrassingtonGS et al.Moderate-intensity exercise and self-

rated quality of sleep in older adults: A randomized controlled trial. JAMA

1997;277:32–37.

41. Hunter GR, Welzstein CJ, McLafferty CL et al. High-resistance versus

variable-resistance training in older adults. Med Sci Sports Exerc

2001;33:1759–1764.

42. Taaffe DR, Duret C,Wheeler S et al. Once-weekly resistance exercise improves

muscle strength and neuromuscular performance in older adults. J Am Geriatr

Soc 1999;47:1208–1214.

43. Seals DR, Hagberg JM, Hurley BF et al. Endurance training in older men and

women. I. Cardiovascular responses to exercise. J Appl Physiol 1984;57:1024–

1029.

44. Mulrow CD, Gerety MB, Cornell JE et al. The relationship between disease

and function and perceived health in very frail elders. J Am Geriatr Soc

1994;42:374–380.

45. Bottomly JM. Tai chi. Choreography of body and mind. In: Davis CM., ed.

Complementary Therapies in Rehabilitation: Holistic Approaches for Preven-

tion and Wellness. Thorofar, NJ: Slack Inc., 1997, pp 133–156.

46. Brauer SG, Woollacott M, Shumway-Cook A. The interacting effects of

cognitive demand and recovery of postural stability in balance-impaired

elderly persons. J Gerontol A Biol Sci Med Sci 2001;56:M489–M496.

TAI CHI AND FALL OCCURRENCES IN FRAIL ADULTS 1701JAGS DECEMBER 2003–VOL. 51, NO. 12


