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Effectiveness of a Therapeutic Tai Ji Quan Intervention
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IMPORTANCE Falls in older adults are a serious public health problem associated with
irreversible health consequences and responsible for a substantial economic burden on
health care systems. However, identifying optimal choices from among evidence-based fall
prevention interventions is challenging as few comparative data for effectiveness are
available.

OBJECTIVE To determine the effectiveness of a therapeutically tailored tai ji quan
intervention, Tai Ji Quan: Moving for Better Balance (TJQMBB), developed on the classic
concept of tai ji (also known as tai chi), and a multimodal exercise (MME) program relative to
stretching exercise in reducing falls among older adults at high risk of falling.

DESIGN, SETTING, AND PARTICIPANTS A single-blind, 3-arm, parallel design, randomized
clinical trial (February 20, 2015, to January 30, 2018), in 7 urban and suburban cities in
Oregon. From 1147 community-dwelling adults 70 years or older screened for eligibility, 670
who had fallen in the preceding year or had impaired mobility consented and were enrolled.
All analyses used intention-to-treat assignment.

INTERVENTIONS One of 3 exercise interventions: two 60-minute classes weekly for 24 weeks
of TJQMBB, entailing modified forms and therapeutic movement exercises; MME, integrating

balance, aerobics, strength, and flexibility activities; or stretching exercises.
MAIN OUTCOMES AND MEASURES The primary measure at 6 months was incidence of falls.

RESULTS Among 670 participants randomized, mean (SD) age was 77.7 (5.6) years, 436
(65%) were women, 617 (92.1%) were white, 31 (4.6%) were African American. During the
trial, there were 152 falls (85 individuals) in the TJQMBB group, 218 (112 individuals) in the
MME group, and 363 (127 individuals) in the stretching exercise group. At 6 months, the
incidence rate ratio (IRR) was significantly lower in the TJQMBB (IRR, 0.42; 95% Cl,
0.31-0.56; P < .001) and MME groups (IRR, 0.60; 95% Cl, 0.45-0.80; P = .001) compared
with the stretching group. Falls were reduced by 31% for the TJIQMBB group compared with
the MME group (IRR, 0.69; 95% Cl, 0.52-0.94; P = .01).

CONCLUSIONS AND RELEVANCE Among community-dwelling older adults at high risk for falls,
a therapeutically tailored tai ji quan balance training intervention was more effective than

conventional exercise approaches for reducing the incidence of falls.

TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT02287740
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allsin older adults constitute a major public health prob-

lem in the United States."? Annually, approximately 28%

of community-dwelling adults 65 years or older report
falling; an estimated 38% of these falls result in injuries®lead-
ing to emergency department visits, hospital admissions, or
death.>* Fall-related treatments are costly, averaging $9389
per fall for fall-related injuries among Medicare beneficiaries.®
In 2015, the total medical costs for falls in persons aged 65 years
and older were more than $50 billion, 75% of which fell to
Medicare/Medicaid.®

Falls, however, are largely preventable, with mounting evi-
dence suggesting that exercise can be a safe and effective way
to reduce falls.”® However, identifying optimal choices from
among available evidence-based fall prevention interven-
tionsis challenging because few comparative effectiveness data
are available, especially for older adults with high fall risk.®
With the continuing growth of the older segment of the
population'® and the concomitant projected increase in the
number of falls,? high health care spending,! and escalating
health care costs,'? identifying the exercise intervention that
is the most safe, effective, and easily implementable would
greatly aid clinicians and health care institutions in making in-
formed decisions about which interventions to prescribe given
clinical goals and fiscal constraints.

This trial was designed to respond to this evidence gap and
these clinical decision needs. We aimed to determine the com-
parative effectiveness of 2 proven interventions, therapeuti-
cally tailored taiji quan exercise (Tai Ji Quan: Moving for Bet-
ter Balance [TJQMBB])'*>'> and multimodal exercise,'® relative
to stretching exercise in reducing the incidence of falls in older
adults at high risk of falling. Our primary hypothesis for this
trial was that, compared with stretching or multimodal exer-
cise programs, TJQMBB would be clinically more effective in
reducing the number of falls.

Methods

Study Design

We performed a single-blind, parallel-design, randomized clini-
cal trial with participants randomly allocated to 1 of 3 active
arms: TJQMBB, entailing modified tai ji quan forms (derived
from the classic framework of tai ji, also known as tai chi) and
associated therapeutic movement exercises; multimodal
exercise, integrating aerobic, strength, balance, and flexibil-
ity activities; or stretching exercises (the control arm)
(Figure). The trial protocol (available in the Supplement) was
approved by the institutional review board of Oregon
Research Institute, and an independent data and safety
monitoring board appointed by the National Institute on
Aging oversaw the study. Written informed consent was
obtained from all participants.

Population, Setting, and Recruitment

The target population was community-dwelling older adults
living in 7 urban and suburban cities across 3 counties in Or-
egon. These counties were strategically chosen because of a
moderate to high density of older adult populations and a high
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Key Points

Question s a fall prevention-specific tai ji quan intervention
clinically more effective in reducing falls among older adults at
high risk of falling than a stretching intervention (control) or a
standard multimodal exercise intervention?

Findings Inarandomized clinical trial involving 670 adults 70
years or older with a history of falls or impaired mobility, the
therapeutic tai ji quan intervention effectively reduced falls by
58% compared with the stretching exercise (control intervention)
and by 31% compared with a multimodal exercise intervention.

Meaning For older adults at high risk of falling, a therapeutically
tailored tai ji quan intervention was more effective than stretching
or multimodal exercises in reducing the incidence of falls.

incidence of fall injuries.!” Eligible participants were 70 years
or older and met one of the following primary criteria: (1) hav-
ing fallen at least once in the preceding 12 months and having
a health care practitioner’s referral indicating that the partici-
pant was at risk of falls or (2) having impaired mobility as evi-
denced by a Timed Up & Go (TUG)® result greater than 13.5
seconds.' Other inclusion criteria were as follows: (1) ability
to walk 1 or 2 blocks, with or without the use of an assistive
device; (2) ability to exercise safely as determined by a health
care practitioner; and (3) willingness to be randomly as-
signed to and complete a 6-month intervention. We excluded
individuals who had (1) participated in daily or structured vig-
orous physical activity or walking for exercise that lasted 15
minutes or longer or muscle-strengthening activities on 2 or
more days a week in the previous 3 months, (2) severe cogni-
tive impairment (Mini-Mental State Examination2® score,
<20 on a range of O to 30), or (3) major medical or physical
conditions determined by their health care practitioner to
preclude exercise.

Recruitment strategies included promotions at local se-
nior or community centers, senior meal sites, medical clinics,
statewide senior falls prevention networks, targeted mass mail-
ings, and local newspaper advertisements. Recruitment lasted
from February 20, 2015, to August 29, 2018, with the final par-
ticipant follow-up on January 30, 2018.

Randomization and Masking

Eligible older adults were randomly assigned in a 1:1:1 ratio to
receive 1 of the 3 interventions via a computer-generated ran-
domization sequence with a block size of 3 or 6 to prevent an-
ticipation of assignment to study condition. Because this was
abehavioral intervention, study participants were not blinded
to intervention group allocation. Primary and secondary out-
come assessors were masked to group allocation and re-
mained separate from the intervention team, and class in-
structors (interventionists) were blinded to the study’s
hypothesis.

Interventions and Procedures

Each of the 3interventions involved a 60-minute exercise ses-
sion twice weekly for 24 weeks. In all 3 groups, each session
consisted of a 10-minute warm-up, 40 to 45 minutes of core
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Figure. Flow of Participants Through the Trial

1147 Assessed for eligibility

477 Excluded
98 No falls in previous 12 mo or disqualified
on Timed Up & Go evaluation
81 Physically active
74 Younger than 70 y
68 Other reasons

66 Weak physical condition or unable to
ambulate

63 Unable to commit to 12-mo study period
18 No medical clearance
9 Refused randomization

C ) 670 Randomized

224 Randomized to therapeutic 223 Randomized to multimodal

tai ji quan exercise
224 Received intervention as 223 Received intervention as
randomized randomized

! !

223 Randomized to stretching
exercise

223 Received intervention as
randomized

!

30 Lost to follow-up 28 Lost to follow-up
26 Health/illness 26 Health/illness
3 Noncommittal/time conflict 1 Noncommittal/time conflict
1 Loss of interest 1 Loss of interest

| J

223 Completed primary outcome 222 Completed primary outcome

assessment assessment
210 Completed secondary outcome 215 Completed secondary outcome
assessment assessment

) )

224 Analyzed ‘ ‘ 223 Analyzed

29 Lost to follow-up
23 Health/illness
1 Noncommittal/time conflict
4 Loss of interest
1 Died

219 Completed primary outcome
assessment

208 Completed secondary outcome
assessment

!

223 Analyzed

exercises, and a 5-minute cool-down activity. Exercise
intensity in each intervention group was monitored through
a subjective measure of perceived exertion (Exercise Inten-
sity section of Trial Protocol in the Supplement). Interven-
tion classes varied in size, with a range of 9 to 21 partici-
pants, and were held in community facilities, such as senior
or community centers, churches, or nonprofit organiza-
tions. All 3 interventions were conducted concurrently and
delivered in 15 class sites throughout the study area. At each
site, the 3 interventions were separated in time to avoid
cross-contamination.

Therapeutic Tai Ji Quan

The training protocol, Tai Ji Quan: Moving for Better Balance
(see the Supplement for detail), involved practice of a core of
8 therapeutically modified exercise forms with built-in varia-
tions and a subroutine of integrated therapeutic movement
exercises.!*1>2! Aimed at stimulating and integrating muscu-
loskeletal, sensory, and cognitive systems, the practice fo-
cused on controlled, self-initiated tai ji quan-based exercises
with synchronized breathing, including center of gravity dis-
placement using a dynamic interplay of stabilizing and self-
induced destabilizing postural actions involving unilateral
weight-bearing and weight-shifting movements, trunk and pel-
vic rotation, ankle sway, and eye-head-hand movements.?!
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During the initial 10 weeks, sessions focused on learning and
performing the TJQMBB forms in various formats (ie, seated,
standing in place, and stepping), accompanied by
sets of therapeutic and functional tai ji quan-based exercises
involving ankle sway, sit-to-stand, single-leg stands, turning,
and stepping exercises(referred to as mini-therapeutic
movements).?! At each session, participants practiced 3 to 4 sets
of a tai ji quan form, with 3 to 5 repetitions in each set inter-
mingled with 3 to 5 sets of 3 to 4 selected mini-therapeutic move-
ments (4 to 5 repetitions in each set). After all 8 therapeutic tai
Jji quan forms had been learned (weeks 11 and 12), each session
comprised 5 to 6 sets of variations in the 8-form routine and 3
to 4 mini-therapeutic movements in sets of 4 to 5.

Multimodal Exercise

The training protocol involved aerobic conditioning, strength,
balance, and flexibility activities.!® The aerobic exercises in-
cluded long strides, heel-toe walking, narrow- and wide-
based walking, and sidestepping for cardiovascular fitness.
Strength training included exercises for ankle dorsiflexors, knee
extensors, and hip abductors. Balance training involved tan-
dem foot-standing, heel-toe and line walking, single-leg stand-
ing, alternation of the base of support, weight transfers, and
various reaching movements away from the center of gravity.
Flexibility exercises included a static stretching routine of
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major upper- and lower-body muscle groups. At 4 months, use
of gym-based equipment (hand and ankle weights, resis-
tance tubing, and balance foams) was integrated into the
strength and balance exercises.

Training was progressive, with challenges increasing with
respect to movement pace, patterns and coordination, and joint
range of motion. Strength training was graduated, beginning
with 4 repetitions in month 1, 6 to 8 repetitions in month 2, 8
to 10 repetitions in month 3, 11 to 15 repetitions in month 4,
and 25 to 30 repetitions in months 5 and 6. Resistance train-
ing involved hand weights (beginning with 0.45 kg [1 1b] for
each hand in month 4 and progressing to 0.91 kg [2 Ib] in
months 5 and 6), tubing (beginning with extra-light resis-
tance in month 4, moving to light resistance in month 5, and
to medium resistance in month 6), and ankle weights (begin-
ning with 0.45 kg for each limb in month 4 and progressing to
1.13 kg [2.5 Ib] in month 6). These resistance exercises were
implemented with 3 to 5 repetitions in month 4, increasing to
a maximum of 8 to 10 repetitions in month 6.

Stretching Exercise

The training routine consisted of breathing, stretching, and re-
laxation activities, with most of them performed in a seated
position. Each session began with a set of warm-up exercises,
such as arm, neck, and leg circles; trunk rotation; and light
walking. The core part of the training session consisted of a va-
riety of combined seated and standing stretches involving the
upper body (neck, arms, upper back, shoulders, and back and
chest) and lower extremities (quadriceps, hamstrings, calves,
and hips), along with slow and gentle trunk rotations. Also in-
cluded were deep abdominal breathing exercises that empha-
sized inhaling and exhaling to maximum capacity as well as
progressive relaxation of major muscle groups.

Baseline and Outcome Assessment

At enrollment, participants’ demographic information regard-
ing sex, age, race/ethnicity, income, education, living arrange-
ments, medical conditions, fall-related information, and physi-
cal activity was collected. Study outcome measures were
assessed at baseline, 4 months (midpoint), and 6 months (at
the end of the intervention).

The primary outcome was the incidence of falls, which was
ascertained on a monthly basis. Participants were asked to use
a daily “fall calendar”!® diary to record any fall event (defined
as “when you land on the floor or the ground, or fall and hit
objects like stairs or pieces of furniture, by accident”) and to
indicate whether they sought medical attention. Information
was also collected on injurious falls.'*?2 Data on falls were col-
lected starting from the date of the first intervention class and
continuing until 24 weeks later (ie, the end of the interven-
tion period) or until a participant withdrew, died, or was lost
to follow-up.

Prespecified secondary outcomes were physical perfor-
mance measures of (1) functional reach,?® which assessed the
maximal distance a participant could reach forward, beyond
arm’s length, while maintaining a fixed based of support in a
standing position; (2) the Instrumented Timed Up & Go
(APDM, Inc), which represents an extended version of TUG'®
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and assessed walking duration (in seconds) and 3 subdomain
timed-based activities—sit-to-stand, turning, and turn and
stand-to-sit—during a 14-m walk at normal pace (7 m toward
a line, turn, and 7 m toward the chair); and (3) the Short
Physical Performance Battery,?* which measured repeated
chair stands, 3 increasingly challenging standing balance
tasks, and a 4-m speed walk. Scores on the 3 tasks were com-
bined to create an overall performance score of O (worst) to 12
(best), with higher values indicating improvement. In addi-
tion, global cognitive function was measured by the 30-item
Montreal Cognitive Assessment,?® which assesses cognitive
function of multiple domains (memory recall, visuospatial
abilities, executive functions, attention, language, and orien-
tation to time and place; scores range from O to 30, with
higher scores indicating better cognitive function).

Statistical Analysis

Sample Size

The study was powered to detect a difference between 2 nega-
tive binomial rates resulting from the 6-month intervention
between the 2 exercise interventions (TJQMBB and multi-
modal exercise) relative to stretching exercise. On the basis of
data collected from previous trials,'*!® our power calcula-
tions found that a sample size of 567 participants (189 per
group) would be required to detect a 35% reduction in the fall
incidence rate (arespective incidence rate ratio [IRR] of 0.65)
between either of the 2 intervention groups relative to stretch-
ing exercise. Although a difference was anticipated to favor the
TJQMBB intervention, power was not calculated between
TJQMBB and multimodal exercise owing to the lack of a priori
effect size estimates. With an estimated 15% attrition, we
planned to recruit a total of 666 participants.

Analyses
Baseline characteristics and unadjusted study outcome mea-
sures were summarized by intervention group using descrip-
tive statistics such as mean (SD) or percentage and used to as-
sess between-group equivalence at baseline. Prespecified
baseline covariates in both primary and secondary outcome
analyses included age, sex, health status, history of falls, and
cognitive function (Mini-Mental State Examination score, <20).
Baseline demographic descriptors and primary and sec-
ondary outcome measures were compared across groups by
using analysis of variance for continuous variables and the x?
(or Fisher exact) test for categorical variables. The planned de-
scriptive data on monthly falls was tabulated across the inter-
vention groups. In our primary analysis of the falls count
outcome, we used negative binomial regression to estimate ab-
solute differences in IRRs with their corresponding 95% Cls
comparing TJOQMBB and multimodal exercise with stretching
exercise. In a prespecified secondary analysis, we also esti-
mated the rate differences with 95% CIs between TJQMBB and
multimodal exercise. Follow-up on falls data was censored at
thelast visit or contact during which a complete data point was
collected. Following an intention-to-treat protocol, we ana-
lyzed the secondary (continuous) outcomes with estimates and
their 95% CIs generated from the linear mixed-effects mod-
els. All primary and secondary outcome analyses were con-
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ducted with and without adjustment for prespecified base-
line covariates. Bonferroni correction was made to control for
multiple testing of secondary outcomes, with an adjusted a
value of .007 (.05 per 7 comparisons) for each test considered
statistically significant. Two-sided P values of less than .05 were
considered statistically significant. Analyses were conducted
using SPSS version 23 (IBM Corp) or Stata (release 13; Stata-
Corp LP).

. |
Results

Enrollment

0f1147 individuals screened, 670 were enrolled and random-
ized (224 to TJQMBB, 223 to multimodal exercise, and 223 to
stretching exercise) (Figure). Of the total participants, 581
(86.7%) (194 in TJQMBB, 193 in multimodal exercise, and 194
in stretching exercise) completed their assigned interven-
tions. At 6 months, 664 (99.1%) of the 670 participants pro-
vided full follow-up data on falls and 633 (94.5%) provided data
on secondary outcomes. There were no statistically signifi-
cant differences in baseline demographic variables or pri-
mary outcomes between the 581 participants who completed
the intervention (defined as attending classes either regu-
larly or irregularly without dropping out of the study) and the
89 who did not complete the intervention (defined as drop-
ping out of the study).

Participant Characteristics

Baseline characteristics were similar by intervention group
(Table 1). The mean (SD) age was 77.7 (5.6) years (median [in-
terquartile range (IQR)], 76 [73-81] years), 436 (65.1%) were
women, 617 (92.1%) were white, 31 (4.6%) were African Ameri-
can. Four hundred eighty-five participants (72.4%) reported
having at least 1 fall 6 months before the intervention, 355
(53.0%) reported having 3 or more chronic conditions, and 67
(10.0%) were taking 4 or more medications. The mean (SD) mo-
bility score was 8.3 (2.2) measured on the Short Physical Per-
formance Battery and 14.25 (5.2) seconds on TUG.

Intervention Compliance and Adherence

The overall attrition rate was 13%, which was lower than our
planned 15%. The median (IQR) time to stopping the inter-
vention across the 3 intervention groups was 3.0 months (2.0-
4.0). The intervention attendance rate across the 24-week
period for all participants was 77% (78% in the TIQMBB group;
77% in the multimodal exercise group; and 77% in the stretch-
ing exercise group), and the mean (SD) number of completed
sessions was 37 (10.6) (median, 40 sessions; range, 2-48 ses-
sions) (37 [10.8] in the TIQMBB group; 37 [10.2] in the multi-
modal exercise group; and 37 [10.7] in the stretching exercise
group; P = .82).

Safety

Serious adverse events, defined as death or medical condi-
tions that required 1 or more days of hospitalization, were ob-
served. Forty-seven participants reported hospital admis-
sion: 11in the TJQMBB group (1.0 per 100 person-months), 12
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in the multimodal exercise group (1.1 per 100 person-
months), and 16 in the stretching exercise group (1.2 per 100
person-months) (P = .83). One death from unknown causes in
the stretching exercise group was documented. None of these
serious events were related to the intervention. Seven falls with
no injury were documented during classes: 2 in the TJOMBB
group; 3 in the multimodal exercise group; and 2 in the stretch-
ing exercise group. One participant in the TJQMBB group re-
quired an emergency department visit owing to hyponatre-
mia during a class, but the participant recovered and completed
the intervention.

Intervention Resource Use

The resources needed to conduct our intervention primarily
involved costs associated with promotion, recruitment, room
rental, class instruction, supplies, administrative overhead, ex-
ercise equipment (eg, weights, chairs), and participant travel
expenses to and from each intervention class. The interven-
tion cost $202 949 ($906 per person) to deliver a 24-week
TIJQMBB program to 224 participants, $223 849 ($1004 per
person) to deliver the multimodal exercise program to 223
participants, and $201468 ($903 per person) to deliver the
stretching exercise component to 223 participants.

Primary Outcome

At 6 months, 733 falls were recorded among 324 of the 670
participants (48.4%) (85 in the TJQMBB group, 112 in the mul-
timodal exercise group, and 127 in the stretching exercise
group ). The mean (SD) follow-up on falls was 5.98 (0.21)
months (median [IQR], 6.0 [6.0-6.0] months). Although both
the TJOMBB and multimodal exercise groups showed a sig-
nificantly lower incidence of falls (11 per 100 person-months
for TIQMBB, and 16 per 100 person-months for multimodal ex-
ercise) compared with the stretching exercise group (27 per 100
person-months, P < .001), the incidence of falls was signifi-
cantly lower in the TIQMBB group (total falls [mean (SD)]152
[0.68 (1.3)]) than in the multimodal exercise group (218 [0.98
(1.8)]) (P = .04). There were no between-group differences on
moderate injurious falls (TJQMBB, 88 falls [0.39 (0.9)]; mul-
timodal exercise, 109 [0.49 (1.2)]; and stretching exercise, 156
[0.70 (1.7)]) (P = .05), but TJQMBB had a lower incidence of in-
jurious falls than stretching exercise (TJQMBB, 8 [0.04 (0.2)];
stretching, 25 [0.11 (0.4)]) (P = .008) (Table 2).

Binominal regression of unadjusted analyses showed that
both the TJQMBB and multimodal exercise groups had a lower
IRR (IRR, 0.42; 95% CI, 0.31-0.56; P < .001 for TJQMBB;
IRR, 0.60; 95% CI, 0.45-0.80; P = .001 for multimodal exer-
cise) compared with the stretching exercise group. In addi-
tion, the TJQMBB group showed a significantly lower IRR than
the multimodal exercise group (IRR, 0.69; 95% CI, 0.52-
0.94; P = .01). The estimates of the intervention effects be-
tween TJQMBB and the stretching and multimodal exercise
groups showed no change after adjusting for the prespecified
covariates (data not shown).

Secondary Outcomes
At 6 months, the participants in both the TJQMBB and mul-

timodal exercise groups performed significantly better than
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Table 1. Baseline Demographic and Clinical Characteristics of the Study Population

Multimodal Exercise

Stretching Exercise

1306

Characteristic TJQMBB (n = 224) (n=223) (n=223)
Age, mean (SD), y 77.5 (5.6) 77.8 (5.3) 77.8 (5.9)
Sex, No. (%)
Male 78 (34.8) 80 (35.9) 76 (34.1)
Female 146 (65.2) 143 (64.1) 147 (65.9)
Race/ethnicity, No. (%)
White 203 (90.6) 203 (91.0) 211 (94.6)
African American 13 (5.8) 14 (6.3) 4 (1.8)
Other 8 (3.6) 6(2.7) 8(3.6)
Educational level, No. (%)
High school diploma or lower 95 (42.4) 101 (45.3) 92 (41.3)
College degree or higher 129 (57.6) 122 (54.7) 131 (58.7)
Resting blood pressure,
mean (SD), mm Hg
Systolic 133.3 (19.3) 135 (19.7) 134.1 (19.1)
Diastolic 75.6 (11.3) 75.6 (10.5) 74.2 (11.5)
Body mass index, mean (SD)? 29.2 (6.0) 29.4 (6.6) 29.91 (6.2)
Self-reported fear of falling, No. (%)
No fear 23 (10.3) 22 (9.9) 32 (14.4)
Somewhat 132 (58.9) 129 (57.8) 116 (52.0)
A lot to very much 69 (30.8) 72 (32.3) 75 (33.6)
Self-reported falls in previous 6 mo,
No. (%)
None 63 (28.1) 61 (27.4) 61 (27.4)
1 79 (35.3) 71 (31.8) 72 (32.3)
2 46 (20.5) 56 (25.1) 48 (21.5)
23 36 (16.1) 35 (15.7) 42 (18.8)
Self-reported health status, No. (%)
Poor or very poor 44 (19.6) 40 (17.9) 46 (20.6)
Good or fair 113 (50.5) 117 (52.5) 106 (47.6)
Very good or excellent 67 (29.9) 66 (29.6) 71 (31.8)
Self-reported chronic conditions, No. (%)
None 11 (4.9) 12 (5.4) 9 (4.0)
1 32 (14.3) 33 (14.8) 40 (17.9)
2 60 (26.8) 63 (28.2) 52 (23.4)
23 121 (54.0) 115 (51.6) 122 (54.7)
Self-reported medication use, No. (%)
None 41 (18.3) 47 (21.1) 51(22.9) Abbreviation: TJIQMBB, Tai Ji Quan:
1 Medication 59 (26.3) 66 (29.6) 61 (27.4) Moving for Better Balance.
2 Medications 67 (29.9) 60 (26.9) 57 (25.5) ? Calculated as weight in kilograms
23 Medications 57 (25.5) 50 (22.4) 54 (24.2) divided by height in meters

squared.

those in the stretching exercise group on secondary out-
comes of physical performance (functional reach, Short
Physical Performance Battery, and Instrumented TUG and
its subdomain scores [sit-to-stand, turning, turn and stand-
to-sit]) and global cognitive function measures (Table 3).
Participants in the TJQMBB and multimodal exercise inter-
ventions performed significantly better than those in the
stretching intervention on tests of physical and cognitive
function: functional reach (TJQMBB: mean difference, 1.77;
95% CI, 1.42-2.12; P < .001; multimodal exercise: mean
difference, 1.49; 95% CI, 1.15-1.83; P < .001); Short Physical
Performance Battery (TJQMBB: mean difference, 1.57;
95% CI, 1.25-1.88; P < .001; multimodal exercise: mean dif-
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ference, 1.59; 95% CI, 1.27-1.90; P < .001); total walking
duration in the instrumented walking test (TJQMBB: mean
difference, -2.42; 95% CI, -3.19 to -1.65, P < .001; multi-
modal exercise: mean difference, -2.20; 95% CI, -2.97 to
-1.43; P < .001); and Montreal Cognitive Assessment
(TJQMBB group: mean difference, 1.54; 95% CI, 1.04-2.04;
P < .001; multimodal exercise group: mean difference, 1.39;
95% CI, 0.92-1.86; P < .001). There were no differences
between TJQMBB and multimodal exercise on secondary
outcomes. The significant effects of TJQMBB and multi-
modal exercise relative to stretching exercise on the second-
ary outcomes remained after adjustment for covariates
(data not shown).
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Table 2. Incidence of Falls During the 24-Week Intervention by Intervention Group

Falls® TJQMBB (n = 224)

Multimodal Exercise (n = 223) Stretching Exercise (n = 223)

Total falls, No. (mean) [SD]
No. of falls, No. (%) of participants

152 (0.68) [1.3]

Any 85 (37.9)
1 55 (24.6)
2 13 (5.8)
23 17 (7.6)
Total injurious falls, No. (mean) [SD]
Moderate® 88 (0.39) [0.9]

Serious® 8 (0.04) [0.19]

218 (0.98) [1.8] 363 (1.63) [3.9]

112 (50) 127 (57)
68 (30.5) 62 (27.8)
25 (11.2) 31(13.9)
19 (8.5) 34 (15.2)

109 (0.49) [1.2]
14 (0.06) [0.26]

156 (0.70) [1.7]
25 (0.11) [0.37]

Abbreviation: TIQMBB, Tai Ji Quan: Moving for Better Balance.

@ Data are based on all available participants who provided fall data during the
24-week intervention period.

®Moderate injurious falls are defined as those that resulted in sprains, bruises,

scrapes, or joint injuries but that required no professional medical care. None
of these injuries was related to the intervention. There were no

between-group differences on moderate injurious falls (P = .05).

< Serious injurious falls are defined as those that resulted in a fracture, head
injury, or admission to an emergency department or hospital, or that required
stitches. None of these injuries was related to the intervention. The TJQMBB
group had a lower incidence of serious injurious falls compared with the
stretching exercise group (P = .008).

|
Discussion

In this study of community-dwelling older adults at high risk
of falling, we found that a 6-month TJQMBB intervention, when
compared with a conventional stretching exercise control, was
effective in reducing the incidence of falls. In addition, our
study also showed for the first time, to our knowledge, that
TJQMBB was effective in reducing the incidence of falls com-
pared with a well-known conventional, evidence-based mul-
timodal exercise program.®-1® Thus, of the 3 exercise interven-
tions, TJQMBB yielded the greatest reduction in number of
falls, whereas both TJQMBB and multimodal exercise signifi-
cantly improved physical function and global cognitive func-
tion compared with the stretching exercise control.

The findings from this study are aligned with systematic
review and meta-analyses on the effect of exercise on reduc-
ing the incidence of falls”?® and are commensurate with the
results from a meta-analysis?” and previous controlled tai ji
quan studies involving community-dwelling older adults!®28-2°
and persons with Parkinson disease.3° This clinically ori-
ented and functionally driven taiji quan-based program,* how-
ever, is shown to be more efficacious in the magnitude of re-
duction in the incidence of falls compared with earlier trial or
meta-analysis results.!327-29

Our study also extends the current literature by compar-
ing, head-to-head, 2 evidence-based interventions,'*1® with
the results showing 31% fewer falls in TIQMBB compared with
multimodal exercise, thus adding new clinical knowledge on
the effectiveness of a therapeutically tailored tai ji quan in-
tervention strategy for preventing falls among older adults. The
findings that TJQMBB was more effective than a multimodal
exercise program are of considerable practical importance be-
cause they suggest the utility of an equipment-free, low-cost,
non-space-constrained exercise intervention in addressing
the clinical problem of falls and balance deficits in the older
population.

To our knowledge, our intervention is the only taiji quan-
based program uniquely designed to facilitate therapeutic
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training of balance and postural control for older adults with
balance deficits,'*!>-?! with the specific focus of targeting re-
ductionsin falls and tailoring implementation for clinical prac-
tice. A previous study has shown that the intervention is read-
ily implementable in clinical practice with a high rate of
adoption among health care practitioners, including internal
medicine physicians, and that it is sustainable.!* Experience
from that study indicated that proactive steps, such as com-
municating frequently with clinicians, offering educational out-
reach workshops, and even providing training to clinicians, can
facilitate the referral process. Thus, although substantial com-
munication gaps exist between clinicians and community ser-
vice providers,® we have shown that this program can be ac-
cessible to clinicians and implementable in the context of
geriatric clinics or medical centers.

The TJQMBB intervention evaluated in this study has been
the model program for multiple successful research-to-
practice implementation efforts in both community and clini-
cal settings as well as program delivery evaluation by public
health organizations or senior service agencies by public health
organizations or senior service agencies.*1>-31-3> The pro-
gram s also currently listed as one of the highest-tier evidence-
based health-promoting and disease prevention programs un-
der Title ITID of the Older Americans Act.>® With increasing
evidence of community adoption and implementation!#1>-31-3>
and information from cost-benefit and cost-effectiveness
analyses,'>3” the intervention program represents a promis-
ing approach to low-cost and easily implementable fall pre-
vention programs. Its demonstrated generalizability and scal-
ability can facilitate nationwide adoption of this effective fall
prevention program to benefit community-dwelling older
adults.

Limitations

The study findings should be interpreted in the context of trial
limitations. Falls data were collected via falls calendars kept
by participants. Although such calendars remain the crite-
rion standard for ascertaining best available evidence on falls
in the field,'>1:22:38 gelf-reports are known to be subject to
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recall bias. However, to ensure that self-reporting bias was
minimized, we used multiple methods, including monthly tele-
phone calls, confirmations during follow-up assessments, prox-

ies, and medical records, to ensure data accuracy. Participa-

tion in the study classes required traveling. Therefore, the
results are most likely to be generalizable to persons who are

Original Investigation Research

state. Although Oregon has one of the nation’s highest death
rates from falls,*° generalizability of the findings could be en-
hanced by a multicenter trial involving multiple states.

Conclusions

able to travel regularly to exercise class sites. The relatively low

representation of African American participants was noted
given this group has high rates of falls and of injurious falls.?
However, there is no indication in the results that these par-
ticipants responded differently to the interventions than did
other participants. Finally, this trial was conducted in a single

ARTICLE INFORMATION
Accepted for Publication: June 21, 2018.

Published Online: September 10, 2018.
doi:10.1001/jamainternmed.2018.3915

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2018 Li F et al. JAMA Internal Medicine.

Author Contributions: Drs Li and Harmer had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Li, Harmer, Voit.

Acquisition, analysis, or interpretation of data: All
authors.

Drdfting of the manuscript: Li, Harmer.

Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Li, Akers.

Obtained funding: Li, Harmer.

Administrative, technical, or material support: Li,
Voit.

Supervision: Li, Fitzgerald.

Conflict of Interest Disclosures: Dr Li, reported
that he is the founder and owner of Exercise
Alternatives, LLC, a consulting company, and that a
licensing fee for Tai Ji Quan: Moving for Better
Balance is paid directly to this company. No other
disclosures were reported.

Funding/Support: This work was supported by
grant AGO45094 from the National Institute on
Aging.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: We thank the
intervention instructors and the research staff for
their dedication to this study. Appreciation is also
extended to all the volunteers who participated in
this project.

REFERENCES

1. Cigolle CT, Ha J, Min LC, et al. The epidemiologic
data on falls, 1998-2010: more older Americans

report falling. JAMA Intern Med. 2015;175(3):443-445.

doi:10.1001/jamainternmed.2014.7533

2. Bergen G, Stevens MR, Burns ER. Falls and fall
injuries among adults aged =65 years—United
States, 2014. MMWR Morb Mortal Wkly Rep. 2016;
65(37):993-998. doi:10.15585/mmwr.mm6537a2

jamainternalmedicine.com

3. BurnsER, Stevens JA, Lee R. The direct costs of

fatal and non-fatal falls among older adults—United
States. J Safety Res. 2016;58:99-103. doi:10.1016/j

.jsr.2016.05.001

4. Centers for Disease Control and Prevention.
Older adults falls: important facts about falls.
https://www.cdc.gov/homeandrecreationalsafety
[falls/adultfalls.html. Accessed May 1, 2018.

5. Hoffman GJ, Hays RD, Shapiro MF, Wallace SP,
Ettner SL. The costs of fall-related injuries among
older adults: Annual per-faller, service component,
and patient out-of-pocket costs. Health Serv Res.
2017;52(5):1794-1816. doi:10.1111/1475-6773.12554
6. Florence CS, Bergen G, Atherly A, Burns E,
Stevens J, Drake C. Medical costs of fatal and
nonfatal falls in older adults. J Am Geriatr Soc. 2018;
66(4):693-698. doi:10.1111/jgs.15304

7. Gillespie LD, Robertson MC, Gillespie WJ, et al.
Interventions for preventing falls in older people

living in the community. Cochrane Database Syst Rev.

2012;9(9):CD007146. doi:10.1002/14651858
.CD007146.pub3

8. Tricco AC, Thomas SM, Veroniki AA, et al.
Comparisons of interventions for preventing falls in

older adults: a systematic review and meta-analysis.

JAMA. 2017;318(17):1687-1699. doi:10.1001/jama
.201715006

9. LiF, Eckstrom E, Harmer P, Fitzgerald K, Voit J,
Cameron KA. Exercise and fall prevention:
narrowing the research-to-practice gap and
enhancing integration of clinical and community
practice. J Am Geriatr Soc. 2016;64(2):425-431.
doi:10.1111/jgs.13925

10. He W. Goodkind D, Kowal P. U.S. Census
Bureau, International Population Reports, P95/16-1:
An Aging World: 2015. Washington, DC: US
Government Publishing Office; 2016.

11. Papanicolas |, Woskie LR, Jha AK. Health care
spending in the United States and other
high-income counties. JAMA. 2018;319(10):
1024-1039. doi:10.1001/jama.2018.1150

12. Centers for Medicare & Medicaid Services. NHE
fact sheet. https://www.cms.gov/research-
statistics-data-and-systems/statistics-trends-and
-reports/nationalhealthexpenddata/nhe-fact-sheet
.html. Accessed May 15, 2018.

13. LiF, Harmer P, Fisher KJ, et al. Tai chi and fall
reductions in older adults: a randomized controlled
trial. J Gerontol A Biol Sci Med Sci. 2005;60(2):
187-194. doi:10.1093/gerona/60.2.187

14. LiF, Harmer P, Stock R, et al. Implementing an
evidence-based fall prevention programin an

Among older adults with high risk of falling, a 24-week thera-
peutically developed taiji quan balance training intervention
resulted in a significant reduction in the incidence of falls com-
pared with a stretching exercise modality and a multicompo-
nent exercise program.

outpatient clinical setting. J Am Geriatr Soc. 2013;61
(12):2142-2149. doi:10.1111/jgs.12509

15. LiF, Harmer P, Fitzgerald K. Implementing an
evidence-based fall prevention intervention in
community senior centers. Am J Public Health.
2016;106(11):2026-2031. doi:10.2105/AJPH.2016
.303386

16. Lord SR, Castell S, Corcoran J, et al. The effect
of group exercise on physical functioning and falls
in frail older people living in retirement villages:
arandomized, controlled trial. J Am Geriatr Soc.
2003;51(12):1685-1692. doi:10.1046/j.1532-5415.2003
.51551.x

17. Purcell H, Shen X, Laidler M, Millet L, Kohn M.
Fall injuries among older adults in Oregon.
https://www.oregon.gov/oha/ph
/DiseasesConditions/InjuryFatalityData/Documents
/Falls_Report.pdf. Published September 2008.
Accessed January 5, 2018.

18. Podsiadlo D, Richardson S. The timed "Up &
Go": a test of basic functional mobility for frail
elderly persons. J Am Geriatr Soc. 1991;39(2):142-148.
doi:10.1111/j.1532-5415.1991.tb01616.x

19. Shumway-Cook A, Brauer S, Woollacott M.
Predicting the probability for falls in
community-dwelling older adults using the Timed
Up & Go Test. Phys Ther.2000;80(9):896-903.

20. Folstein MF, Folstein SE, McHugh PR.
“Mini-mental state”: a practical method for grading
the cognitive state of patients for the clinician.

J Psychiatr Res. 1975;12(3):189-198. doi:10.1016
/0022-3956(75)90026-6

21. LiF. Transforming traditional tai ji quan
techniques into integrative movement therapy—Tai
Ji Quan: Moving for Better Balance. J Sport Health Sci.
2014;3(1):9-15. doi:10.1016/j.jshs.2013.11.002

22. 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(13):821-827.
doi:10.1056/NEJM199409293311301

23. Duncan PW, Weiner DK, Chandler J, Studenski
S. Functional reach: a new clinical measure of
balance. J Gerontol. 1990;45(6):M192-M197. doi: 10
1093/geronj/45.6.M192

24. Guralnik JM, Simonsick EM, FerrucciL, et al.
A short physical performance battery assessing
lower extremity function: association with
self-reported disability and prediction of mortality
and nursing home admission. J Gerontol. 1994;49
(2):M85-M94. doi:10.1093/geronj/49.2.M85

25. Bernstein IH, Lacritz L, Barlow CE, Weiner MF,
DeFina LF. Psychometric evaluation of the Montreal

JAMA Internal Medicine October 2018 Volume 178, Number 10

Downloaded From: by a Texas Health Resources User on 10/08/2018

1309


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.3915&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915
https://jamanetwork.com/journals/jamainternalmedicine/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2014.7533&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915
https://dx.doi.org/10.15585/mmwr.mm6537a2
https://dx.doi.org/10.1016/j.jsr.2016.05.001
https://dx.doi.org/10.1016/j.jsr.2016.05.001
https://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html
https://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html
https://dx.doi.org/10.1111/1475-6773.12554
https://dx.doi.org/10.1111/jgs.15304
https://dx.doi.org/10.1002/14651858.CD007146.pub3
https://dx.doi.org/10.1002/14651858.CD007146.pub3
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.15006&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.15006&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915
https://dx.doi.org/10.1111/jgs.13925
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.1150&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://dx.doi.org/10.1093/gerona/60.2.187
https://dx.doi.org/10.1111/jgs.12509
https://dx.doi.org/10.2105/AJPH.2016.303386
https://dx.doi.org/10.2105/AJPH.2016.303386
https://dx.doi.org/10.1046/j.1532-5415.2003.51551.x
https://dx.doi.org/10.1046/j.1532-5415.2003.51551.x
https://www.oregon.gov/oha/ph/DiseasesConditions/InjuryFatalityData/Documents/Falls_Report.pdf
https://www.oregon.gov/oha/ph/DiseasesConditions/InjuryFatalityData/Documents/Falls_Report.pdf
https://www.oregon.gov/oha/ph/DiseasesConditions/InjuryFatalityData/Documents/Falls_Report.pdf
https://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://www.ncbi.nlm.nih.gov/pubmed/10960937
https://dx.doi.org/10.1016/0022-3956(75)90026-6
https://dx.doi.org/10.1016/0022-3956(75)90026-6
https://dx.doi.org/10.1016/j.jshs.2013.11.002
https://dx.doi.org/10.1056/NEJM199409293311301
https://dx.doi.org/10.1093/geronj/45.6.M192
https://dx.doi.org/10.1093/geronj/45.6.M192
https://dx.doi.org/10.1093/geronj/49.2.M85
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915

1310

Tai Ji Quan vs a Multimodal Exercise Intervention for Preventing Falls in High-Risk Older Adults

Research Original Investigation

Cognitive Assessment (MoCA) in three diverse
samples. Clin Neuropsychol. 2011;25(1):119-126.
doi:10.1080/13854046.2010.533196

26. Sherrington C, Tiedemann A, Fairhall N, Close
JC, Lord SR. Exercise to prevent falls in older adults:
an updated meta-analysis and best practice
recommendations. N S W Public Health Bull. 2011;22
(3-4):78-83. doi:10.1071/NB10056

27. Lomas-Vega R, Obrero-Gaitan E, Molina-Ortega
FJ, Del-Pino-Casado R. Tai chi for risk of falls:
ameta-analysis. J Am Geriatr Soc. 2017;65(9):
2037-2043. doi:10.1111/jgs.15008

28. Wolf SL, Barnhart HX, Kutner NG, McNeely E,
Coogler C, Xu T; Atlanta FICSIT Group. Reducing
frailty and falls in older persons: an investigation of
tai chi and computerized balance training. J Am
Geriatr Soc. 1996;44(5):489-497. doi:10.1111/j.1532
-5415.1996.tb01432.x

29. Voukelatos A, Cumming RG, Lord SR, Rissel C.
A randomized, controlled trial of tai chi for the
prevention of falls: the Central Sydney Tai Chi Trial.
JAm Geriatr Soc. 2007;55(8):1185-1191. doi:10.1111/j
1532-5415.2007.01244.x

30. LiF, Harmer P, Fitzgerald K, et al. Tai chi and
postural stability in patients with Parkinson's
disease. N Engl J Med. 2012;366(6):511-519. doi:10
J1056/NEJMo0al107911

31. LiF, Harmer P, Glasgow R, et al. Translation of
an effective tai chi intervention into a
community-based falls-prevention program. Am J
Public Health. 2008;98(7):1195-1198. doi:10.2105
/AJPH.2007.120402

32. Fink D, Houston K. Implementing an
evidence-based tai ji quan programin a
multicultural setting: a pilot dissemination project.
J Sport Health Sci. 2014;3(1):27-31. doi:10.1016/j.jshs
.2013.10.003

33. Leung J. Implementing Tai Ji Quan: Moving for
Better Balance in real-world settings: success and
challenges. J Sport Health Sci. 2014;3(1):34-35.
doi:10.1016/j.jshs.2013.12.001

34. Ory MG, Smith ML, Parker EM, et al. Fall
prevention in community settings: results from
implementing Tai Chi: Moving for Better Balance in
three states. Front Public Health. 2015;2:258.

35. Gallant MP, Tartaglia M, Hardman S, Burke K.
Using tai chi to reduce fall risk factors among older

JAMA Internal Medicine October 2018 Volume 178, Number 10

Downloaded From: by a Texas Health Resources User on 10/08/2018

adults: an evaluation of a community-based
implementation [published online April 1, 20171.
J Appl Gerontol. 2017;733464817703004.

36. National Council on Aging. Highest tier
evidence-based health promotion/disease
prevention programs. https://www.ncoa.org
/resources/ebpchart/. Accessed May 5, 2018.

37. Carande-Kulis V, Stevens JA, Florence CS,
Beattie BL, Arias I. A cost-benefit analysis of three
older adult fall prevention interventions. J Safety Res.
2015;52:65-70. doi:10.1016/j.jsr.2014.12.007

38. Lusardi MM, Fritz S, Middleton A, et al.
Determining risk of falls in community dwelling
older adults: a systematic review and meta-analysis
using posttest probability. J Geriatr Phys Ther.
2017;40(1):1-36. doi:10.1519/JPT
.0000000000000099

39. Centers for Disease Control and Prevention,
National Center for Injury Prevention and Control.
Web-based Injury Statistics Query and Reporting
System (WISQARS). https://www.cdc.gov/injury
Jwisqars/. Accessed January 5, 2018.

jamainternalmedicine.com


https://dx.doi.org/10.1080/13854046.2010.533196
https://dx.doi.org/10.1071/NB10056
https://dx.doi.org/10.1111/jgs.15008
https://dx.doi.org/10.1111/j.1532-5415.1996.tb01432.x
https://dx.doi.org/10.1111/j.1532-5415.1996.tb01432.x
https://dx.doi.org/10.1111/j.1532-5415.2007.01244.x
https://dx.doi.org/10.1111/j.1532-5415.2007.01244.x
https://dx.doi.org/10.1056/NEJMoa1107911
https://dx.doi.org/10.1056/NEJMoa1107911
https://dx.doi.org/10.2105/AJPH.2007.120402
https://dx.doi.org/10.2105/AJPH.2007.120402
https://dx.doi.org/10.1016/j.jshs.2013.10.003
https://dx.doi.org/10.1016/j.jshs.2013.10.003
https://dx.doi.org/10.1016/j.jshs.2013.12.001
https://www.ncbi.nlm.nih.gov/pubmed/25964934
https://www.ncbi.nlm.nih.gov/pubmed/28398129
https://www.ncoa.org/resources/ebpchart/
https://www.ncoa.org/resources/ebpchart/
https://dx.doi.org/10.1016/j.jsr.2014.12.007
https://dx.doi.org/10.1519/JPT.0000000000000099
https://dx.doi.org/10.1519/JPT.0000000000000099
https://www.cdc.gov/injury/wisqars/
https://www.cdc.gov/injury/wisqars/
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.3915

