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ABSTRACT
Background: Cognitive decline 
amongst older adults is a significant 
public health concern. There is grow-
ing interest in behavioral interven-
tions, including exercise, for improv-
ing cognition. Studies to date suggest 
tai chi (TC) may be a safe and poten-
tially effective exercise for preserving 
cognitive function with aging; how-
ever, its short-term and potential 
long-term impact on physically 
active, healthy adults is unclear.
Objective: To compare differences in 
cognitive function among long-term 
TC expert practitioners and age-
matched and gender-matched 
TC-naïve adults and to determine the 
effects of short-term TC training on 
measures of cognitive function in 
healthy, nonsedentary adults. 
Design: A hybrid design including an 
observational comparison and a 
2-arm randomized clinical trial (RCT)
Participants: Healthy, nonsedentary, 
TC-naive adults (50 y-79 y) and age-
matched and gender-matched long-
term TC experts 
Methods: A cross-sectional compari-
son of cognitive function in healthy 
TC-naïve (n=60) and TC expert (24.5 y 
÷ 12 y experience; n=27) adults: 
TC-naïve adults then completed a 
6-month, 2-arm, wait-list randomized 
clinical trial of TC training. Six mea-
sures of cognitive function were 
assessed for both cross-sectional and 
longitudinal comparisons. 
Results: TC experts exhibited trends 
towards better scores on all cognitive 

measures, significantly so for catego-
ry fluency (P=.01), as well as a com-
posite z score summarizing all 6 cog-
nitive assessments (P=.03). In con-
trast, random assignment to 6 months 
of TC training in TC-naïve adults did 
not significantly improve any mea-
sures of cognitive function.
Conclusions: In healthy nonseden-
tary adults, long-term TC training may 
help preserve cognitive function; how-
ever, the effect of short-term TC train-
ing in healthy adults remains unclear.
Trial Registration: ClinicalTrials.gov 
NCT01340365

摘要
背景：老年人认知功能衰退是一个
重要的公共健康问题。通过行为干
预（包括锻炼）来改善认知功能日
益受到关注。现有研究表明，太极
拳可能是防止认知功能随年龄衰退
的安全有效锻炼方式，但它对经常
运动的健康成人的短期和长期作用
尚不明确。
目的：比较长期打太极拳的高手与
未打过太极拳的同等年龄和性别的
成人在认知功能方面的差异，并确
定短期太极拳运动对健康非久坐成
人的认知功能的影响。
设计：采用混合设计，既包括观察
性比较，也包括一项两分组随机临
床试验 (RCT)
参与者：未打过太极拳的健康非久
坐成人（50-79 岁）与年龄及性别
相仿的长期打太极拳高手
方法：对未打过太极拳的健康成人 
(n=60) 和太极拳高手（拥有 24.5 
± 12 年的经验；n=27）的认知功

能进行比较：未打过太极拳的成人
随后按侯选表，完成了一项为期 6 
个月、两分组太极训练随机临床试
验。不管是剖面代表性比较，还是
纵向比较，均评估了 6 项认知功
能指标。
结果：太极拳高手在所有认知功能
指标上均表现出更高得分倾向，在
流利度项目上尤其显著 (P=0.01)
，在 6 个指标的综合评分 z 值上
亦如此 (P=0.03)。相对之下，未
打过太极拳的成人经随机分配接受 
6 个月的太极拳训练后，其认知功
能指标未出现显著改善。
结论：健康非久坐成人接受长期太
极拳训练可能有助于保存认知功
能，但短期太极拳训练对健康成人
的效果仍不明确。
试验注册编号：ClinicalTrials.
gov NCT01340365

SINOPSIS
Antecedentes: El deterioro cogniti-
vo entre los adultos más mayores es 
un importante problema de salud 
pública. Existe un creciente interés en 
las intervenciones conductuales, 
incluido el ejercicio, para mejorar la 
cognición. Los estudios realizados 
hasta la fecha sugieren que el taichí 
(TC) podría ser un ejercicio seguro y 
posiblemente eficaz para preservar la 
función cognitiva con el envejeci-
miento; sin embargo, su impacto a 
corto plazo y su posible impacto a 
largo plazo en adultos sanos y física-
mente activos no está claro.
Objetivo: Comparar las diferencias 
en la función cognitiva entre las 
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INTRODuCTION
Cognitive decline amongst older adults is a sig-

nificant and growing public health concern. In the 
United States, the prevalence of mild cognitive impair-
ment (MCI) in adults over 70 years of age was esti-
mated to be 5.4 million in 2010 with an additional 3.4 
million older adults suffering from dementia.1 World-
wide costs for treating age-related cognitive impair-
ment in 2010 were estimated at $150 billion.2 Both 
prevalence and costs of dementia are expected to grow 
in many countries as demographics shift to greater 
proportions of older adults.3 These concerns, as well 
growing evidence that cognitive decline may be evi-
dent even in adult midlife, have led to an interest in 
interventions that aim to prevent cognitive decline 
across a broad range of the adult age span.4,5 

Effective treatment options for arresting cognitive 

decline associated with aging have not been well devel-
oped. Behavioral interventions, including exercise, are 
increasingly being considered for enhancing cognition 
in older adults. Both long-term cohort studies as well as 
short-term clinical trials support the idea that exercise 
and physical activity may be associated with preserva-
tion and restoration of cognitive function with aging6; 
however, optimal exercise programs have yet to be 
defined. Some evidence suggests that multimodal 
training that integrates a variety of physical, cognitive, 
and social activities may be more effective than any 
one intervention alone.7

Tai chi (TC) is an increasingly popular multimod-
al mind-body exercise that incorporates physical, cog-
nitive, social, and meditative components within the 
same activity.8 Previous studies support the potential 
of TC to attenuate age-related declines in cardiovascu-
lar disease,9 balance,10 and emotional well-being.8,11 
These studies also suggest that TC is safe for older 
adults12 and an enjoyable activity with the potential 
for long-term adherence and exercise maintenance. 
Recent meta-analyses support the potential for TC to 
improve executive function in healthy older adults and 
global cognitive function in adults with existing cogni-
tive impairments.13 Novel imaging studies are begin-
ning to support plausible neural mechanisms underly-
ing TC’s observed effects on cognitive function.14-16

While studies to date suggest TC may be a safe and 
potentially effective exercise for preserving and/or 
restoring cognitive function within aging populations, 
multiple gaps in knowledge persist that are relevant to 
informing clinical recommendations. Importantly, 
studies that have included cognitive outcomes have 
typically evaluated sedentary older adults who are 
frail,17 transitioning to frailty,18 or afflicted with exist-
ing chronic medical conditions.19,20 Relatively little is 
known of the impact of TC on cognitive function in 
already active, healthy adults who are interested in 
exercise to preserve cognitive function. Additionally, 

personas expertas que practican TC 
a largo plazo y adultos que no 
habían practicado TC anteriormente 
de la misma edad y sexo y determi-
nar los efectos del entrenamiento 
con TC a corto plazo en las medidas 
de la función cognitiva en adultos 
no sedentarios sanos. 
Diseño: Diseño híbrido que incluía 
una comparación observacional y 
un ensayo clínico aleatorizado 
(ECA) de 2 grupos
Participantes: Adultos no sedentari-
os sanos que no habían practicado TC 
anteriormente (50 años y 79 años) y 
expertos en TC a largo plazo de la 
misma edad y sexo
Métodos: Comparación transversal 

de la función cognitiva en adultos 
santos que no habían practicado TC 
anteriormente (n = 60) y expertos en 
TC (24,5 ± 12 años de experiencia; n 
= 27) adultos:  adultos santos que no 
habían practicado TC anteriormente 
completaron un ensayo clínico alea-
torizado de lista de espera de entre-
namiento con TC de 2 grupos y 6 
meses de duración. Se evaluaron seis 
medidas de la función cognitiva para 
realizar comparaciones tanto trans-
versales como longitudinales. 
Resultados: Los expertos en TC 
mostraron tendencias hacia mejores 
puntuaciones en todas las medidas 
cognitivas, que fueron significativas 
en la categoría de fluidez (P = 0,01), 

así como en la puntuación z compu-
esta que resumía las 6 evaluaciones 
cognitivas (P = 0,03). Por el contrario, 
la asignación aleatoria a los 6 meses 
de entrenamiento con TC en adultos 
que no habían practicado TC anteri-
ormente no mejoró significativa-
mente ninguna de las medidas de la 
función cognitiva.
Conclusiones: En los adultos sanos 
no sedentarios, el entrenamiento con 
TC a largo plazo podría ayudar a 
preservar la función cognitiva; sin 
embargo, el efecto del entrenamiento 
con TC a corto plazo en adultos sanos 
sigue sin estar claro.
Registro del ensayo: ClinicalTrials.
gov NCT01340365
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no studies have employed common screening and out-
come measures to study cognitive function in expert 
TC practitioners (operationally defined here as a mini-
mum of 5 y training experience) as compared to age-
matched, TC-naïve individuals before and after a short-
term TC training intervention. To address these knowl-
edge gaps, we employed a hybrid study design to 
answer the following questions. 

1. Do TC experts (aged 50 y-79 y) exhibit greater cog-
nitive function as compared to age-matched and 
gender-matched, nonsedentary, TC-naive adults? 

2. Does the addition of a 6-month TC training pro-
gram to background physical activity and usual 
care improve cognitive function in TC-naïve 
adults compared to background physical activity 
and usual care alone?

METHODS
Study Design

We employed a hybrid study design that included 
a 2-arm randomized clinical trial (RCT) along with an 
additional observational comparison group. Long-term 
TC training effects on cognitive outcomes were assessed 
through comparisons of TC-naïve healthy adults vs an 
age-matched sample of expert TC practitioners. Short-
term effects of TC training were assessed by randomly 
assigning the TC-naïve healthy adults to either 6 
months of TC plus usual care or to usual care alone. 
The Institutional Review Board at Brigham and 
Women’s Hospital, Boston, Massachusetts, approved 
this study, and all work was carried out with the ethical 
standards set forth in the World Medical Association’s 
2008 Declaration of Helsinki. The RCT component of 
this study was registered at clinicaltrials.gov 
(NCT01340365). Cognitive function outcomes report-
ed herein were secondary outcomes in our study. 
Primary outcomes related to balance, gait, and heart 
rate dynamics will be reported elsewhere.21,22    

 Randomized Trial Design
A total of 60 healthy adults, aged 50 year to 79 

years, were randomized to receive 6 months of TC 
training or to usual healthcare alone. Randomization 
was stratified by age (50 y-59 y, 60 y-69 y, or 70 y -79 y) 
using a permuted-blocks randomization scheme with 
randomly-varying block sizes. All outcomes were 
assessed at baseline and 6 months. Further details 
related to RCT design are reported elsewhere.23

 Recruitment for Randomized Trial Targeting  
 Community-dwelling Healthy Adults  

Inclusion criteria were (1) age of 50 years to 79 
years and (2) willingness to adhere to a 6-month TC 
protocol. Exclusion criteria were (1) chronic medical 
condition including cardiovascular disease, stroke, 
active cancer, neurological conditions, or significant 
musculoskeletal conditions requiring chronic use of 
pain medication; (2) acute condition requiring hospi-

talization within the past 6 months; (3) self-reported 
inability to walk continuously for 15 minutes; (4) regu-
lar TC practice within past 5 years; (5) regular participa-
tion in physical exercise on average 4 or more times per 
week; and (6) Mini Mental State Examination (MMSE) 
score less than 24.23 Interested individuals underwent 
both an initial phone screening and an in-person 
screening at our clinical research center. Eligible indi-
viduals provided written informed consent and under-
went baseline testing prior to randomization.  

All TC interventions were administered pragmati-
cally at 1 of 5 prescreened TC schools within the Boston 
area that met specific guidelines described else-
where.23,24 In brief, schools were chosen to ensure that 
they provided valid, stable TC programs led by experi-
enced teachers. Eligibility criteria included long-stand-
ing community-based programs, curricula taught in 
English language that emphasized core TC principles, 
and curricula based on Yang, Wu, Chen, or Sun TC 
styles. Ancillary exercises, such as qigong warm-ups or 
2-person push hands were allowed, but TC training 
integrating weapons or contact sparring was not 
allowed. Because interventions were designed to be 
pragmatic with high levels of generalizability, instruc-
tors were asked to teach using the same approach and 
protocols used for non-study community participants.  

Study participants were asked to attend 2 classes 
per week on average over the 6-month intervention. 
They were also asked to practice a minimum of 30 min-
utes on 2 additional days per week. Attendance at TC 
classes was recorded by instructors, and home practice 
was tracked by participants using a weekly practice log. 
Participants attending a minimum of 70% of all classes 
and completing 70% or more of prescribed home prac-
tice were considered compliant or “per protocol.” 

 Adverse Events
Adverse events were systematically monitored using 

a detailed protocol described elsewhere.21 A total of 4 
nonserious adverse events were reported throughout 
study. All events were reported by participants random-
ized to the TC group. Only 2 of the 4 events were deter-
mined to be related to the TC intervention (both minor 
musculoskeletal injuries [one wrist, one ankle]); neither 
event was associated with cognitive or emotional distress.

 Nonrandomized Comparison Group:   
 Tai Chi Experts

Twenty-seven healthy adults (aged 50 y-79 y) 
currently engaged in an active TC training regimen, 
each with over 5 years of TC practice, were recruited 
for a single observational visit. No limitation was set 
on TC style. Eligibility and screening procedures for 
TC experts were identical to those for healthy adults 
enrolled in the RCT. 

Measurements
A battery of validated tests including the Trail 

Making Test (TMT) A and B25; the Controlled Oral 
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Word Association Test (COWAT) reported here sepa-
rately as category fluency (animals and supermarket 
items total) and letter fluency26; and the Digit Span 
(DS) tests26 were used to evaluate visuomotor process-
ing speed, visual attention, rapid set-shifting,27 verbal 
attention, verbal working memory,28 and activation 
retrieval29 respectively. Physical activity level was self-
reported using the Physical Activity Status Scale 
(PASS), and physical and mental quality of life was 
assessed with the Medical Outcomes Survey Form (SF-
36) health status survey.

 Cognitive Tests
Cognitive function was assessed with validated 

measures of executive function, working memory, and 
short-term memory. TMT is a widely used instrument 
that is administered in 2 parts, A and B.25 TMT-A is a 
visual-scanning task; the time required to draw lines 
sequentially connecting numbered circles from 1 to 25 
is recorded. TMT-B assesses time required to connect 
the same number of circles in an alternating sequence 
of numbers and letters. TMT-B is considered to evalu-
ate executive control and is correlated with other 
executive function measures.30 TMT is a sensitive 
indicator of overall neurological impairment25 and 
has good reliability.31 COWAT examines working 
memory span and verbal fluency.26 COWAT combines 
2 tests, letter fluency and category fluency: one 
requires the participant to produce as many words as 
possible that begin with a given letter of the alphabet 
(F, A, S) and the other requires the participant to name 
as many items as possible in a given category (animal 
naming, supermarket items). There is 1 minute 
allowed for each of the 3 letters and 1 minute allowed 
per category. The score of letter fluency is the sum of 
all acceptable words produced in the 3 trials; similarly, 
the sum of all acceptable words produced in the 2 cat-
egory trials determines the category fluency score. 
COWAT has good reliability and validity.26,32,33 DS is 
a widely used measure of short-term memory: ie, the 
number of digits a person can absorb and recall in cor-
rect serial order both forward (DSF) and backward 
(DSB). The number sequences start out easy, with just 
2 numbers, and get progressively more difficult, the 
last being 9 digits for DSF and 8 digits for DSB. Both 
DSF and DSB are administered until the participant 
consecutively fails 2 trials of the same digit span 
length. Scores for DSF and DSB are based on the num-
ber of digits of the longest correct span. DS has good 
reliability and validity.26 All 3 measures have been 
employed in studies evaluating the impact of exercise 
on cognitive function in elders.34,35

 Outcomes Used to Screen and Characterize  
 Population 

Global cognition was screened at baseline using 
the MMSE. Potential participants were excluded for 
having a MMSE score less than 24. Physical activity 
level was assessed using PASS.36 Participants were 

asked to estimate their general physical activity dur-
ing the previous week using an 11-point scale (ie, 
0-10). The scale quantifies physical activity duration 
by a combination of the minutes of exercise per week 
and the intensity of this exercise (heavy, modest, or 
none). The concurrent validity of the scale has been 
documented in both men and women, and scores cor-
relate with maximal oxygen consumption in younger 
and older adults.37 Health-related quality of life was 
assessed using the SF-36. The SF-36 has been validated 
in a variety of populations including older healthy 
individuals and has good test-retest reliability.38,39

Statistical Analyses
Cross-sectional measures of cognitive function in 

TC experts and TC naïfs were compared in a linear 
model controlling for age, body mass index (BMI), gen-
der, physical activity, and education. Trajectories of 
cognitive function over the 6-month intervention were 
compared between groups using a random-slopes 
model with shared baseline. All longitudinal analyses 
were conducted according to the intention-to-treat 
paradigm. The model included fixed effect of time, 
time x treatment, age, BMI, gender, physical activity, 
education, and interactions between time and age. The 
model included random participant-specific intercepts 
and slopes with unstructured covariance. The shared 
baseline assumption, enforced by omitting a treatment 
main-effect term, properly reflects the true state of the 
population sampled prior to randomization and has 
the advantage of adjusting for any chance differences at 
baseline in a manner similar to analysis of covariance 
(ANCOVA).40 Treatment-group differences and adjust-
ed means for mean age, BMI, physical activity, and 
education were estimated as well as their 95% confi-
dence intervals. All inferential tests were 2-tailed at 
alpha =0.05. We chose to report comparison-wise 
P-values without adjustment for multiple comparisons 
to avoid inflating type II errors, recognizing that the 
nominal P-values underestimate the overall experi-
ment-wise type I error rate. Our results are intended as 
hypothesis generating, not definitive tests of efficacy 
for TC on any specific measure of cognition. All analy-
ses were performed in SAS (version 9.3, SAS Institute, 
Cary, North Carolina). 

As a secondary analysis, we calculated a composite 
z score to assess performance across all cognitive mea-
sures in our observational comparison. For each cogni-
tive measure, a z score was determined by calculating 
the overall mean and pooled standard deviation among 
TC expert and TC-naïve groups combined. The overall 
mean was subtracted from each individual’s score for a 
given cognitive measure and then divided by the 
pooled standard deviation. Conservatively, missing 
values were assigned a z score of 0. The sign was 
reversed for z scores of measures for which higher val-
ues indicates worse performance (TMT A and TMT B). 
The composite z score was calculated as the sum of the 
individual z scores across all 6 cognitive measures. 
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 Sample Size Considerations
For cross-sectional comparisons, we estimated 

that a sample size of 27 TC expert and 60 TC-naïve par-
ticipants would provide power to detect an effect size 
of 0.63. For the randomized trial, we estimated that the 
sample of 60 participants, randomized 1 to 1, would 
give us 80% power to detect a main effect of treatment 
if the true effect size was at least 0.74 based on a 2-tailed 
test at P<.05. 

RESulTS
Baseline Characteristics and Study Flow

Sociodemographic characteristics of the TC 
experts were well-matched with the TC-naïve group 
with respect to average age, global cognitive status, and 
both physical and mental quality of life. Compared 
with naïve controls, TC experts had lower BMI and 

higher levels of physical activity and education (Table 
1). TC experts reported an average of 24.6÷12 years of 
TC training (median 20 y, range 10 y-50 y). 
Approximately equal numbers reported Yang (n=12) 
and Wu (n=15) style TC as their primary styles; how-
ever, all reported having training experience in other 
styles of TC, related martial arts, and/or mind-body 
practices (eg, yoga, meditation). TC-naïve adults ran-
domized to TC plus usual care vs usual care alone were 
comparable at baseline (Table 1). 

Participant Flow Through the Study
Participants reported to the Beth Israel Deaconess 

Medical Center (BIDMC) Clinical Research Center, 
Boston, Massachusetts, where they underwent final in-
person screening procedures: MMSE and an electrocar-
diogram (ECG). The MMSE was graded by trained 

Table 1	Baseline	Characteristics

 
 

Randomized Groups Observational Group

usual Care TC long-term TC

(n=29) (n=31) (n=27)

Age, y	
AVG	±	SD

64.45±7.42 63.94±8.02
62.78±7.57

Gender	
n	(%)	

	 	
	

Male 11	(37.9%) 9	(29%) 13	(48.1%)

Female 18	(62.1%) 22	(71%) 14	(51.9%)

Race	
n	(%)

	 	
	

White 26	(89.7%) 29	(93.5%) 22	(81.5%)

African	American 3	(10.3%) 0	(0%) 1	(3.7%)

Asian 0	(0%) 2	(6.5%) 4	(14.8%)

Ethnicity	
n	(%)

	 	
	

Non-Hispanic/Non-Latino 29	(100%) 30	(96.8%) 26	(96.3%)

Hispanic/Latino 0	(0%) 1	(3.2%) 1	(3.7%)

Education, y	
AVG	±	SD

16.19±3.03	 17.13±3.41
18.44±3.34

MMSE	
AVG	±	SD

29.21±0.82 29.03±1.17
29.07±1.11

BMI (kg/m2)	
AVG	±	SD

26.54±5.83 26.38±5.19
23.54±2.35b	

Medication subset	
n	(%)

	 	
	

Self-reported	hypertension 5	(17.2%) 7	(22.6%) 1	(3.7%)

On	hypertensive	medication 5	(17.2%) 8	(25.8%) 1	(3.7%)

Hypertensive	at	baseline	assessment 17	(58.6%) 15	(48.4%) 13	(48.1%)

Physical activity levela	
AVG	±	SD

4.0±2.0 4.0±2.0
6.0±2.0b	

Quality of life: mental component summary 54.8±4.8 53.8±8.3 54.3±5.8

Quality of life: physical component summary 54.5±3.3 51.9±6.2 54.4±4.3

a4=run	about	1	mi/wk	OR	walk	about	1.3	mi/wk	OR	spend	about	30	min/wk	in	comparable	physical	activity;	6=run	about	6-10	mi/wk	OR	walk	about	7-13	
mi/wk	OR	spend	about	1-3	h/wk	in	comparable	physical	activity.
bComparisons	between	TC	experts	and	TC	naïve	at	baseline;	P<.05
Abbreviations:	AVG,	average;	BMI,	body	mass	index;	MMSE,	Mini-Mental	State	Examination;	SD,	standard	deviation;	TC,	tai	chi.
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study staff, and the ECG was interpreted by a study 
doctor. Participants with an MMSE greater than 24 and 
no abnormal findings on their ECG were eligible to 
participate in the study. All outcome measurements 
were assessed at the Syncope and Falls in the Elderly 
(SAFE) laboratory at BIDMC. Outcomes related to cog-
nitive function reported here were part of a larger bat-
tery of tests that lasted an average of 3.5 hours (includ-
ing balance, cardiovascular, and gait outcomes to be 
reported elsewhere). 

A CONSORT flowchart detailing study recruit-
ment, randomization, and retention for the RCT com-
ponent of the study can be found in Figure 1. Sixty 
healthy adults were successfully screened and enrolled, 
and 97% (28/29) and 87% (27/31) of individuals in the 
usual care and TC group completed the primary 
6-month follow-up assessment, respectively. 

Adherence to the TC protocol was variable. Two 
participants in the TC group formally withdrew par-
ticipation due to time commitment and an unrelated 
injury. Of the remaining 29 participants in the TC 
group, 21 (72%) were defined as per protocol attending 

70% of classes and completing 70% of required home 
practice over the entire course of the trial. This compli-
ant subgroup had a mean exposure to TC training of 
89.3 hours; in comparison, the intention-to-treat group 
had a mean exposure of 60.9 hours.

Cognitive Function in Tai Chi Experts vs Tai Chi–
naïve Adults

Comparison between TC experts and TC-naïve 
adults based on a single observation indicated trends 
towards greater cognitive performance in TC experts 
for all outcome measures (Table 2, Figure 2). Linear 
models indicated statistically significant differences for 
category fluency (P=.012) and weaker evidence for dif-
ferences in TMT-A (P=.066). Composite z scores sum-
marizing net improvement or decline over all 6 cogni-
tive assessments suggested significantly higher cogni-
tive function among TC experts (P=.028). Overall age-
related trends were only observed for TMT-A (P=<.001), 
with evidence of an age-associated decline for this out-
come; however, there were no age x group (experts vs 
naïve) interactions observed for any cognitive outcome.

Figure 1	CONSORT	Flow.
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Effect of Short-term Tai Chi Training on Cognitive 
Outcomes 

Changes in all outcomes from baseline to 6-month 
follow-up in the RCT were generally small for both the 
TC and control group with no significant group effect 
for any cognitive outcomes (Table 3). Overall age 
effects were also modest, indicating trends towards 
lower cognitive function with increasing age only for 
TMT-A and TMT-B (P=.003 and P=.006, respectively); 
treatment x age interactions for all outcomes were not 
statistically significant. Post hoc per-protocol analyses 
(ie, limited to participants who were TC compliant) did 
not change within-group and between-group observed 
patterns and trends.

DISCuSSION
To our knowledge, this study is the first to com-

pare the potential long-term and short-term effects of 
TC on cognitive function in healthy active adults using 
common screening and outcome assessment protocols. 
We found in our cross-sectional analysis that experi-
enced TC practitioners displayed a higher level of cog-
nitive function compared to age-matched and gender-
matched TC-naïve adults. The TC experts outperformed 
the TC-naïve group in nearly all measures of cognitive 
function with statistically significant differences in 
one measures as well as an overall composite z score, 
indicating that TC could have the potential to preserve 
cognitive function with aging. In contrast, a 6-month 
community-based TC program did not impact any cog-
nitive outcomes in our sample of healthy adults.  

Our findings in the TC expert group are supported 
by other observational studies. Studies based in Hong 
Kong have reported that individuals engaged in long-
term TC practice perform better on multiple cognitive 
tests, most notably in tests of verbal fluency, memory 
and attention41,42; furthermore, long-term TC practi-
tioners show increased memory preservation (includ-
ing learning, retention, and retrieval) across ages.43 
However, these larger scale epidemiological studies 
likely included older adults with multiple comorbidi-
ties and a broader range of cognitive function, includ-

ing MCI and dementia, thus direct comparison with 
results from our relatively healthy adults may be lim-
ited. Other experimental studies have found that com-
pared to age-matched controls, experienced TC practi-
tioners perform better on the auditory Stroop task 
when it is administered alone and in combination with 
a dual stepping task.44 

Published reports of the impact of short-term TC 
training on cognitive function are varied.13 Multiple 
RCTs have reported positive effects of 2.5 months to 12 
months of TC training on executive function, global 
cognition, language, learning, and memory 
domains,7,15,19,45-49 and other trials have found no effects 
of short-term TC training.17,50,51 One likely explanation 
for lack of any observed effect in our shorter-term RCT is 
the high level of baseline cognitive function among our 
healthy adults. Comparison of our population with nor-
mative data for all cognitive outcomes suggests that the 
majority of our participants performed at or slightly 
above average52-55 for this age group, so they possessed 
limited room for improvement. It is also possible that 
the cognitive tests we employed were not sensitive 
enough to delineate the impact of short-term TC train-
ing. Future studies of healthy active adults may need to 
employ more challenging tests to discern change in 
cognition. Finally, it is possible that 6 months of TC was 
simply not sufficient to effect changes and a longer expo-
sure, as in some RCTs, may reveal a larger effect of TC on 
cognitive outcomes. 

There are a number of potentially therapeutic ele-
ments inherent in TC that may underlie the positive 
effect on cognition observed in this and other stud-
ies.8,13 First, TC is moderately aerobic which has been 
shown by both human and animal studies to positively 
impact cognition and neurophysiological changes 
such as brain-derived neurotropic factor levels.56-60 
Second, TC improves agility and mobility, which some 
evidence suggests affects cognitive function through 
neurophysiological pathways different from those 
associated with aerobic exercise.61 Third, TC involves 
learning and memorization of new movement pat-
terns; studies of other skill-based learning activities (eg, 

Table 2	Comparisons	of	Cognitive	Performance	Between	TC	Expert	and	TC	Naïve	Adultsa	

Outcome Measure

TC Expert (n=27) TC Naïve (n=60)
Between-group  

Estimate (95% CI)
Between-group 

Difference P	valueMean (95% CI) Mean (95% CI)

TMT-A 26.13	(23.2,	29.0) 29.56	(27.6,	31.5) -3.43	(-7.1,	0.23) 0.066

TMT-B 53.53	(44.6,	62.5) 60.11	(54.1,	66.2) -6.58	(-17.9,	4.7) 0.249

DS	LONGESTFWD 7.96	(7.4,	8.5) 7.7	(7.3,	8.1) 0.27	(-0.43,	0.97) 0.445

DS	LONGESTBKWD 5.84	(5.3,	6.4) 5.77	(5.4,	6.2) 0.07	(-0.66,	0.80) 0.850

Letter	fluency 44.99	(40.8,	49.2) 41.51	(38.7,	44.3) 3.48	(-1.8,	8.8) 0.196

Category	fluency 46.48	(44.0,	49.0) 42.47	(40.8,	44.1) 4.01	(0.90,	7.1) 0.012

Z	score 1.30	(-0.06,	2.7) -0.63	(-1.5,	0.28) 1.93	(0.22,	3.6) 0.028

aEstimates,	means,	confidence	intervals,	and	between-group	comparisons	based	on	linear	models	controlling	for	age,	gender,	body	mass	index,	physical	
activity	level,	and	education.	The	between-group	estimate	shows	the	difference	of	experts	minus	naive.		

Abbreviations:	CI,	95%	confidence	interval;	DS	LONGESTBKWD,	digit	span	longest	backward	span;	DS	LONGESTFWD,	digit	span	longest	forward	span;	TC,	
tai	chi;	TMT-A,	Trail	Making	Test	Part	A;	TMT-B,	Trail	Making	Test	Part	B.
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dance, juggling) have shown improvements in cogni-
tion and underlying neural mechanisms.62-65 Fourth, 
TC includes training in sustained attentional focus, 
shifting, and multitasking, which could help train 
working memory, divided attention, and overall execu-
tive function.66 Fifth, the meditative elements of TC 
have been shown to reduce anxiety and depression,11 

which may affect stress-related pathways of cognitive 
decline.67 Finally, a number of qualitative studies have 
highlighted that participants in TC programs experi-
ence significant social support related to the rich rela-
tionships that they develop both with instructors and 
classmates, the latter often extending beyond the class-
room to additional leisurely activities.68,69 Greater time 
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Figure 2	Comparisons	of	cognitive	performance	between	tai	chi	(TC)	expert	and	TC-naïve	adults.	Symbols	represent	group	means	along	
with	standard	errors.	Means	were	estimated	using	linear	models	controlling	for	education,	age,	gender,	body	mass	index,	and	physical	
activity	level	(*P<.01).	TC	experts	had	significantly	higher	net	cognitive	function	based	on	a	composite	z	score	calculated	as	the	sum	of	z	
scores	from	all	6	cognitive	outcomes	(P=.028;	see	Table	2).	
	
Abbreviations:	DS	LONGESTBKWD,	Digit	Span	longest	backward	span;	DS	LONGESTFWD,	Digit	Span	longest	forward	Span;	TC,	tai	chi;	TMTA,	Trail	Making	
Test	Part	A;	TMTB,	Trail	Making	Test	Part	B.	"FAS"	represents	letter	fluency;	"FAS_CATEGORY"	represents	category	fluency.
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engaged in social activities has been associated with 
preserved cognitive function.70,71 

limitations
Our study has important limitations. Samples for 

both the cross-sectional comparison and RCT were 
small and could have resulted in type II errors. 
Additionally, as with any cross-sectional study, com-
parisons between TC experts and TC naïfs may be con-
founded by differences between groups other than TC 
exposure. While linear models that included multiple 
potential confounders suggested an association with 
TC even after these factors were taken into account, 
other factors, including training in other martial arts 
and lifestyle, could not be fully accounted for. 

In the current study, we did not observe much 
significant age or any treatment x age effects on cogni-
tion. As age effects on cognition are widely reported in 
the literature,1-3 our observed lack of an association 
may reflect a bias in our study sampling design. 
Because our eligibility criteria for TC-naive adults 
were quite narrow with respect to acceptable comor-
bidities and use of medications, our sample reflects a 
very healthy adult population. As the number of indi-
viduals that met our eligibility criteria decreased with 
age, those in the oldest stratified age group (70 y-79 y) 
were more likely to represent extremely healthy indi-
viduals, whereas those on our younger group (50 y-59 
y) who met our eligibility criteria were more likely to 
be of average health. This interpretation is supported 
by our physical function data reported elsewhere.21 
Average Timed-Up-and-Go (TUG) scores for our group 
aged 60 to 69 years and for our group aged 70 to 79 
years group were 6.1 and 6.2 seconds; in comparison, 
normative data for ambulatory adults in these 2 age 
groups is 8 and 9 seconds. Due to this bias, our ability 

to evaluate the direct effects of age on cognition, as 
well as how age may impact cognitive response to TC 
is partially limited.

CONCluSIONS
For healthy and active adults, long-term TC shows 

potential for maintaining high-level cognitive func-
tioning; however, these results must be interpreted 
carefully due to the observational nature of these data. 
Six months of community-based TC training displayed 
no apparent effects on cognition in our healthy popula-
tion. Longer-term TC exposure and/or use of more dis-
criminating cognitive tests may better inform the 
potential of TC in healthy adults. Further studies are 
required to inform the potential benefits of TC for 
improving and preserving cognitive function with age. 
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