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Abstract
This one-arm pilot study investigated the effect of tai chi on cognition in elders with cognitive
impairment. Although no significant difference existed between pre- and post-test performance on
all cognition measures, a dose-response relationship was demonstrated between attendance and
some cognition measures.
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Introduction
Approximately 5.4 million people (22.2%) ages 71 or older in the United States have
cognitive impairment (CI) without dementia (Plassman et al., 2008), and another 3.4 million
individuals (13.9%) have CI with dementia (Plassman et al., 2007). Cognitive impairment is
a major risk factor for dependency in activities of daily living (Cigolle, Langa, Kabeto, Tian,
& Blaum, 2007; McConnell, Pieper, Sloane, & Branch, 2002). Pharmacological
interventions are used commonly to treat impaired cognition. However, the medications
have side effects in about 25% of patients (Arsland et al., 2003). Non-pharmacological
interventions, such as physical exercise, have been shown to have effect sizes similar to
pharmacological interventions in improving cognitive function, but without the side effects
(Brotons & Koger, 2000; Graf et al., 2001; Luijpen, Scherder, Van Someren, Swaab, &
Sergeant, 2003). The purpose of this study is to test tai chi, a mild aerobic exercise, on
cognition in elders with CI.

Literature Review
Exercise generally has been shown to improve cognitive functioning. In an early study,
Dustman and colleagues (1984) found aerobic exercise improved scores of community-
dwelling elders (N=43) on the digit symbol test (p< 0.001), the Stroop test (p< 0.05) and
simple reaction time (p< 0.05). Other early researchers reported similar findings (Hill,
Storandt, & Malley, 1993; Rikli & Edwards, 1991). Elders (N=87) who participated in a
long-term aerobic exercise program significantly improved their psychomotor/cognitive
processing speed and memory, as measured by the digit symbol test and the Wechsler
Memory Scale Logical Memory subset (p< 0.01) (Hill et al., 1993). After participating in a
3-year aerobic exercise program, older women (N=48) demonstrated significantly improved
attention and cognitive processing speed, as measured by simple reaction time (p<0.05) and
choice reaction time (p<0.001), respectively (Rikli & Edwards, 1991).

Findings from the earlier studies were supported by several large-scale longitudinal studies.
For example, physical activities in a community sample of 9,008 randomly selected elders in
Canada were associated with lower risk of CI (odds ratio: 0.50 for Alzheimer’s type of CI;
0.63 for other types of CI) (Laurin, Verreault, Lindsay, MacPherson, & Rockwood, 2001).
In a study of the effects of walking on cognition in 5,925 women without CI, more walking
was associated with less cognitive decline during 6–8 years of follow up (Yaffe, Barnes,
Nevitt, Lui, & Covinsky, 2001). Similarly, a high level of exercise was associated with less
decline in Mini Mental State Exam (MMSE) scores after 2-year follow up (odds ratio=0.39)
of 1,146 community-dwelling elders (Lytle, Vander Bilt, Pandav, Dodge, & Ganguli, 2004).

A number of studies reported exercise also benefited cognition in elders with CI. For
instance, 11 elders with MMSE scores of 0–29 participated in a 6-month group
strengthening exercise program. Scores on the MMSE improved by 3.1 points after the
exercise intervention, with an effect size of 0.54 (Baum, Jarjoura, Polen, Faur, & Rutecki,
2003). Similarly, a 6-month exercise program consisting of range of motion exercises,
strengthening exercises, and walking maintained scores on the MMSE (p=0.18) in the
exercise group but the scores of a non-exercise comparison group decreased significantly
(p<0.001) (Bastone Ade & Jacob Filho, 2004). Finally, the logical memory test score (p<
0.05) and the MMSE score (p< 0.05) improved significantly in exercisers who participated
in one-time 45-minute group or individual exercises than in controls in 15 elders with CI.
Other tests, such as the digit span, recognition, and the digit symbol test, however, were not
associated with any improvement (Molloy, Beerschoten, Borrie, Crilly, & Cape, 1988).

Even though exercise appears effective in maintaining cognitive function for elders, many
community-dwelling elders with CI do not exercise because they have little physical
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strength and multiple medical conditions (Bynum et al., 2004). They require exercise
programs tailored to their frail physical conditions. Tai chi (TC) may be an excellent
intervention for elders with CI because it is a safe, gentle form of exercise that can be
performed while standing or sitting. It is appropriate for different levels of mobility, and
requires no special equipment or special clothing. Because TC is not expensive, it is feasible
in a wide variety of settings in the community, including senior centers, churches, adult day
centers, and continuing care communities (Li et al., 2001; Tsai et al., 2009).

Authors speculated that group exercises such as TC can help to prevent the cognitive decline
caused by normal and pathological aging because exercises may assist with neurongenesis
and angiogenesis in the brain, decrease chronic inflammation; and provide elders with
cognitive stimulation and social interactions A defect in the dentate gyrus of the
hippocampus area is associated with cognitive decline, including impairments in learning
and short-term memory, during aging (Patrylo & Williamson, 2007; Rosenzweig & Barnes,
2003). Importantly, animal studies indicate voluntary exercise (wheel running) can enhance
generation of neurons (neurogenesis) in the dentate gyrus (Eadie, Redila, & Christie, 2005;
van Praag, Kempermann, & Gage, 1999), which enhances learning in aged animals (van
Praag, Shubert, Zhao, & Gage, 2005).

An increase of blood vessel growth in the brain (angiogenesis) is important to maintain the
health of newly generated neurons. Using magnetic resonance imaging (MRI), a recent
study found good correlations among exercise, neurogenesis in the dentate gyrus, cerebral
blood volume, and cognition in mice and in humans (Pereira et al., 2007). An earlier study
using the same MRI technique reported similar findings (Colcombe et al., 2003). Such
findings suggest these observations could be made in elders who participate in TC exercise
regularly.

Aside from normal physiological aging, pathological brain conditions caused by
inflammation, such as Alzheimer’s disease accelerate neuronal cell death and dysfunction
(Akiyama et al., 2000; Mrak & Griffin, 2001). Exercise may slow the decline of cognitive
function in elders with these conditions because it reduces pro-inflammatory cytokines in
the periphery (Woods, Vieira, & Keylock, 2006). Convincing evidence indicates alteration
of cytokine levels in the periphery also will affect the central nervous system (Wilson,
Finch, & Cohen, 2002a) because circulating pro-inflammatory cytokines can be transported
into the central nervous system across the blood-brain barrier (Maier, 2003). Alternatively,
circulating cytokines can interact with receptors on the endothelial cells of the blood-brain
barrier and trigger the release of related cytokines inside the central nervous system (Banks,
Farr, & Morley, 2002; Maier, 2003). A reduction in pro-inflammatory cytokines in the
periphery caused by exercise may lead to decreased pro-inflammatory cytokines in the brain,
and thus slow the decline of cognitive function in elders with pathological brain conditions
caused by inflammation.

Cognitive stimuli and social interactions are also important for the preservation of cognitive
health in older adults. A study of older Catholic nuns, priests, and brothers (N=801) found
frequent participation in cognitively stimulating activities (e.g., reading newspapers, playing
card games, visiting museums) was associated with a lower risk of Alzheimer’s disease
(Wilson et al., 2002b). The Kungsholmen Project, a longitudinal population-based study of
aging and dementia in Sweden, found both social interaction and intellectual stimulation
were important to prevent cognitive decline (Wang, Karp, Winblad, & Fratiglioni, 2002). A
follow-up analysis by the same research group concluded physical, cognitive, and social
components contributed equally to the prevention of cognitive decline (Karp et al., 2006).
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Theoretical framework
Based on the past studies, the expected links between TC and cognition in elders with CI are
shown in Figure 1. Cognitive decline in elders may result from two major mechanisms.
First, the normal aging process leads to neuronal cell death and dysfunction in the brain,
causing impairment in cognition. Second, pathological brain conditions caused by
inflammation, such as Alzheimer’s Disease, accelerate neuronal cell death and dysfunction
(Akiyama et al., 2000; Mrak & Griffin, 2001). Physical exercise may slow the decline of
cognition by mediating these situations-increasing new growth of neuronal cells
(neurogenesis), providing more blood to the brain by new blood vessel growth
(angiogenesis) and reducing the inflammatory state of the brain. Cognitive stimuli and social
interactions are also important for the preservation of cognitive health in older adults
although the mechanism is less clear (Karp et al., 2006; Wilson et al., 2002b).

An exercise program with all three components (physical, cognitive, social) conceivably
could slow the decline of cognition in elders with CI. TC is an exercise program that
accommodates all these requirements. Physically, it is a gentle, dance-like exercise
characterized by continuous, slow, fluid movements appropriate for elders. Concentration
and active cognitive engagement are required to perform TC because each form may involve
movements of various body parts, and a series of forms are practiced in a particular
sequence. Finally, TC provides social interactions when practiced in a group setting. As a
result, TC should be beneficial for maintaining cognition in elders, which was demonstrated
in a few recent studies with healthy elderly sample (Matthews & Williams, 2008; Taylor-
Piliae et al., 2010).

Study aim
Studies investigating the effects of TC on health outcomes often excluded elders with CI
(Brismee et al., 2005; Hartman et al., 2000; Li et al., 2001; Song, Lee, Lam, & Bae, 2003;
Wolf et al., 2003). Additionally, no research has investigated the effect of TC on cognition
in elders with CI and inconsistent findings were reported in elders without CI (Hall, Miszko,
& Wolf, 2009; Matthews & Williams, 2008; Taylor-Piliae et al.,2010). Therefore, this study
pilot tested the effect of TC on cognition in elders with CI. The current pilot study was part
of a larger study investigating the effect of TC on pain and cognition in elders with CI. Only
data related to cognition are reported in this article.

Methods
In this one-group pre-post test pilot study, elders participated in a 15-week “Sun-style TC
for Arthritis” program twice a week for 20–40 minutes per session. With its high stance and
follow-steps, the Sun-style 12-form TC developed by Lam (2004) is especially suitable for
older adults with weak muscles, bodily pain, and risk of falling (Song et al., 2003).

The Committee on the Conduct of Human Research of the University of Arkansas for
Medical Sciences approved the study. To participate in the study, elders had to show
impairment in at least one area of cognition to allow room for improvement after
participating in TC. MMSE scores from 15–27, a Digit Symbol-Coding score on the WAIS-
III (Psychological Corporation, 1997) of 6 or less, a Digit Span on the WAIS-III
(Psychological Corporation, 1997) of 6 or less, a Stroop Color and Word test score (Golden,
2002) of 39 or less, or a Hopkins Verbal Learning Test – Revised score (Benedict,
Schretlen, Groninger, & Brandt, 1998) of 39 or less was considered impaired. In addition,
elderly participants could have no depressive symptoms as measured by the Geriatric
Depression Scale (Vinkers, Gussekloo, Stek, Westendorp, & Van Der Mast, 2004) and have
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chronic pain measured by the Bodily Pain scale of the Medical Outcomes Study short form
(SF-36) (Ware, 2000) to participate.

The five cognitive screening tools listed above also were used to measure outcomes. SF-36
was used to measure participants’ physical and mental function (Ware, 2000). TC accuracy
was assessed using Rosengren’s method (Rosengren, Christou, Yang, Kass, & Boule, 2003).
After the TC program was completed, the elders followed the instructor to perform the 12-
form TC twice while a research assistant videotaped their TC performance. The tape was
sent to co-author Rosengren’s lab for coding and evaluation of the accuracy of TC
performance. His coding method was published elsewhere (Rosengren et al., 2003).
Descriptive statistics were used to describe the sample. Paired t-tests, independent t-tests,
and Spearman’s rho were used for data analysis.

Findings
Eleven elders participated in the study, with the majority female (N=10). The average age
was 85 and MMSE score was 23. Average scores on the SF-36 physical and mental
component summary were 45% and 56% respectively, indicating they achieved only about
half of the maximum physical and mental function. The first analysis compared attendance
with accuracy of TC performance. The average attendance in minutes was 768 ± 458;
average attendance in sessions was 20 ± 12, and mean performance score was 28% ± 22%.
Results from this part of the study indicated attendance in minutes was related significantly
to accuracy of performance (Spearman’s rho= 0.83, p< 0.01). The second analysis compared
pre- and post-test scores on all cognitive function tests. Results showed no significant
differences on the five cognition measures before and after the TC intervention [MMSE:
t(df)=1.31 (10), p=.22; Digit Symbol-Coding: t(df)=.32 (10), p=.76; Digit Span: t(df)=1.08
(10), p=.31; Stroop Color and Word: t(df)=.89 (9), p=.40; Hopkins Verbal Learning
Immediate Recall: t(df)=1.06 (10), p=.31; Hopkins Verbal Learning Delay Recall : t(df)=.95
(10), p=.36].

While no significant difference in cognition was found when pre- and post-test scores were
compared, detailed analysis of data revealed a dose-response relationship. Based on
attendance over the study period, three elders who participated for four or fewer sessions
were categorized as the low-dose group. The eight elders who participated in 24–29 sessions
were categorized as the regular-dose group. Table 1 summarizes the attendance, the
accuracy of their performance, and changes in three cognitive function scores that are
significant or approaching significant differences between groups.

Comparison of these two groups showed significant differences in the change of MMSE
score [t(df)=2.76 (9), p< 0.05] and in the change of Digit Symbol-Coding score [t(df)=2.36
(9), p<0.05] between pre- and post-test. The MMSE scores remained almost the same from
pre- to post-test in the regular exercise group (mean change=0.00 ± 1.20). However, a
decline in MMSE scores occurred among those in the low-dose group (mean change=− 3.33
±3.06) (Fig. 2). Analysis of the Digit Symbol-Coding scores indicated a slight increase in
the scores of those in the regular-dose group (mean change=0.25 ± 0.71). In contrast, scores
in the low-dose group decreased (mean change=−1.00 ± 1.00) (see Figure 3).

Although it was not significant at the 0.05 level, a similar trend was noted in the change of
Digital Span score [t(df)=2.00 (9), p=.076]. Almost no change occurred in Digit Span scores
among elders in the regular-dose group (mean change=0.00 ± 1.93). However, scores of
elders in the low-dose group dropped (mean change=−2.33 ± 0.58) (see Figure 4). No
significant difference was found in the change scores on the Stroop Color and the Word test
(t(df)= −.22 (8), p=.83) and Hopkins Verbal Learning Test – Revised [Immediate Recall
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(t(df)= .17 (9), p=.87); Delayed Recall (t(df)= −.47 (9), p=.68)] between the regular-dose
and low-dose groups.

Discussion
Results from this small-scale study indicated the feasibility of teaching cognitively impaired
elders to practice TC. In addition, authors found CI elders who attended TC sessions
regularly preserved MMSE and Digit Symbol-Coding more than persons with low
attendance. Furthermore, participants who attended TC sessions regularly tended to have
better Digit Span score than those with low attendance. These results allow the speculation
that TC had some impact on these cognitive measures. Alternatively, elders with declining
cognitive functioning tended to miss TC classes. Without a randomized controlled trial
involving more participants, these two possibilities cannot be distinguished.

Findings indicate TC has some impact on global cognitive functioning (MMSE) and
psychomotor/cognitive processing speed (Digit Symbol-Coding) but not attention (Stroop
Color and Word test and Digit Span) and Memory (Hopkins Verbal Learning Test –
Revised). Because MMSE is a global measure of cognition, it is possible that TC will have
some effects on every measure of cognition, including attention and memory but in varying
levels of strength. The sample size in the current study is small and thus might not have
enough power to detect the effect of TC on these specific cognitive functions. A larger study
is needed to confirm this observation. As noted earlier, this pilot study is part of a larger
study in which participants had to have both chronic pain and impaired cognition to be
included in the study. Thus, having a chronic pain condition may have influenced the results
of this study. For example, study showed that self-reported pain experience was positively
related to performance on cognitive function tests (Oosterman, de Vries, Dijkerman, de
Haan, & Scherder, 2009). If elders took analgesics, such as propoxyphene, the patients may
have side effect, such as confusion and drowsiness, which may affect the cognitive tests
(Desai & Chibnall, 2004),

With intent-to-treat analysis, the paired t-test did not reveal the difference between pre- and
post-tests. However, analysis of the dose-response relationship between attendance and
cognition measures reveals the important trends. This dose-response pattern should be made
part of the study aims or pre-planned subgroup endpoint analyses in a future randomized
controlled trial in addition to the intent to treat analysis.

Conclusion
Up to 78% of elders in the United States are not physically active enough to receive health
benefits (Agency for Healthcare Research and Quality & the Centers for Disease Control,
2002). Elders may not exercise because they do not have the physical strength or because
exercise can worsen their existing pain. With its gentle and slow motions, TC could be an
ideal exercise for the elders. It can offer many benefits, such as increased mobility, balance,
and flexibility; reduced risk of falls; and provision of a feeling of accomplishment and well-
being. These benefits lead to enhanced independence and self-confidence for elders. Results
of this pilot study suggested elders with CI also can learn and perform TC in a group setting.
In addition, regular participation in TC may slow the progression of cognitive decline in
elders with CI. If this observation can be confirmed in a large-scale, randomized controlled
study, TC may be used to slow cognitive decline in elders with CI.

Nursing implication
This is the first study to test TC’s efficacy in slowing cognitive decline in elders with CI. If
we find that TC has effects in this population, the next study will test TC’s effectiveness in
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slowing cognitive decline in community-dwelling elders with CI and test the sustainability
of the TC intervention. If TC shows efficacy and effectiveness in slowing cognitive decline
in elders with CI, we can adopt it as a routine cost-effective means to promote physical
fitness and slow cognitive decline for this population.
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Figure 1.
Links between Tai Chi and Cognitive Functioning
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Figure 2.
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Figure 3.
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Figure 4.
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