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a  b  s  t  r  a  c  t

Gulf  War  illness  (GWI)  is a chronic  and  multisymptom  disorder  affecting  military  veterans  deployed  to
the  1991  Persian  Gulf  War.  It is characterized  by a range  of  acute  and  chronic  symptoms,  including  but  not
limited  to,  fatigue,  sleep  disturbances,  psychological  problems,  cognitive  deficits,  widespread  pain,  and
respiratory  and gastrointestinal  difficulties.  The  prevalence  of many  of  these  chronic  symptoms  affecting
Gulf  War  veterans  occur  at markedly  elevated  rates  compared  to  nondeployed  contemporary  veterans.  To
date,  no  effective  treatments  for GWI  have  been  identified.  The  overarching  goal  of  this  umbrella  review
was  to  critically  evaluate  the  evidence  for  the potential  of Tai Chi  mind-body  exercise  to  benefit  and
alleviate  GWI  symptomology.  Based  on  the  most  prevalent  GWI  chronic  symptoms  and  case  definitions
established  by the Centers  for  Disease  Control  and  Prevention  and  the Kansas  Gulf War  Veterans  Health

Initiative  Program,  we  reviewed  and  summarized  the  evidence  from  7 published  systematic  reviews  and
meta-analyses.  Our findings  suggest  that Tai  Chi may  have  the  potential  for distinct  therapeutic  benefits
on  the  major  prevalent  symptoms  of  GWI.  Future  clinical  trials  are  warranted  to  examine  the  feasibility,
efficacy,  durability  and potential  mechanisms  of Tai Chi  for  improving  health  outcomes  and  relieving
symptomology  in GWI.

©  2019  Korea  Institute  of  Oriental  Medicine.  Publishing  services  by  Elsevier  B.V.  This  is  an  open
he  CC
access  article  under  t

. Introduction

Gulf War  illness (GWI) is a chronic and multisymptom disorder
stimated to affect almost one third of military veterans deployed
o the 1991 Persian Gulf War.1 The overall profile of reported
ymptoms is consistent across populations of Gulf War  veterans,
ith many individuals reporting some combination of fatigue,

idespread pain, cognitive and memory problems, sleep distur-

ances, and respiratory and gastrointestinal difficulties attributable
o their military service.1,2 The prevalence of many of these chronic
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symptoms affecting Gulf War  veterans occur at markedly ele-
vated rates (∼25-32%) compared to nondeployed contemporary
veterans.1

Despite a growing body of research on GWI  over the past two
decades, the underlying etiology of GWI  remains poorly under-
stood. Moreover, to date, no effective treatments for this complex
multisymptom disorder have been established. Recent reports from
the Institute of Medicine (IOM) committees on Gulf War  and Health
have emphasized a distinct need for new research to examine the
integrated role of the brain and body for advancing the treatment
and knowledge on the underlying pathophysiology of GWI.3

Tai Chi, an increasingly popular mind-body therapy, is a
traditional Chinese martial art that incorporates physical, cogni-
tive, social, relaxation and meditative components in the same
activity.4–6 Among the general population, Tai Chi has been

shown to induce numerous physiological and psychological health
improvements, including benefits on cardiorespiratory, neuro-
logical and immune function, musculoskeletal pain, anxiety,
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Table  1
Most Common Gulf War  Illness Case Definitions based on CDC and Kansas Gulf War
Veterans Health Initiative Findings 2,13

Fatigue/Sleep Problems
Psychological Health
Cognitive Function
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stress management. Their meta-analysis was performed on three
Pain/Musculoskeletal Pain
Respiratory Problems

epression, and other outcomes including fatigue, sleep and health-
elated quality of life.7–11 Considering its clear potential for wide
anging health benefits, Tai Chi, a mind body therapy, may  be a
romising intervention for improving symptoms and health out-
omes for veterans with GWI.

The overarching goal of this umbrella review was to evaluate
he evidence supporting the potential for Tai Chi to improve the
ealth of veterans with GWI. To better understand the strength of
his evidence, we performed an umbrella review of published sys-
ematic reviews and meta-analyses. We  summarized the evidence
or the effects of Tai Chi on the most prevalent GWI  symptoms.

e also describe the potential mechanisms through which Tai Chi
ould benefit GWI  and suggest future research directions.

. Methods

We  performed this review in accordance with recently estab-
ished guidelines for the development and reporting of umbrella
eview research.12 To be included in this overview of systematic
eviews, reviews were required to meet the following eligibil-
ty criteria: 1) Study Type: Systematic reviews with or without

eta-analysis were eligible. We  included studies claiming to be
ystematic reviews as well as reviews with a systematic litera-
ure search while performing a comprehensive evidence review.
) Participants: We  included reviews examining any disease con-
ition which had symptoms similar to the specific GWI  symptom
omains, adapted from recommendations by the IOM3 and based
n the most prevalent chronic symptoms and case definitions
stablished by the Centers for Disease Control and Prevention
CDC)13 and the Kansas Gulf War  Veterans Health Initiative
rogram2 (Table 1). There were no restrictions based on the disease,
ge, gender or race. 3) Interventions: Only reviews on the effects of
ai Chi were included. Studies examining the effects of mind body
nterventions similar to Tai Chi such as Quigong were also eligible.
o restrictions were placed on style, dose, duration and intensity of
ai Chi. 4) Comparisons: No restrictions based on the comparison
nterventions were employed. 5) Outcomes: We  included reviews
hat assessed at least one of the outcomes related to GWI  symp-
om domains. 6) Only full-text articles published in peer-reviewed
nglish language journals were included. We  included the most
pdated version of a review for each outcome.

We systematically searched PubMed/MEDLINE, Cochrane
ibrary, EMBASE, Scopus, CINAHL, SPORTDiscus, and PsycINFO from
heir inception to December 18, 2017. The search included various
erms “Tai Chi”, OR “Quigong”, AND GWI  symptom domains such as
pain”, “fatigue”, “sleep” etc. We  also hand searched the reference
ists of all included studies.

Two reviewers (KR, RB) screened the abstracts and the full-text
rticles of the potentially eligible studies. The same two  review-
rs independently extracted the data on the study characteristics
uch as number of studies and patients, types of included stud-
es, interventions, comparators, risk of bias assessments, results,
nd conclusions. Disagreements were resolved by consensus and

f required were adjudicated by the third reviewer (CW). Effect
izes are reported as the standardized mean difference (SMD) or
eighted mean difference (MD) where specified. An effect size
 Research 8 (2019) 167–172

of < 0.20 was considered a small effect, 0.20–0.50 moderate effect
and > 0.50 a large effect.[14]

3. Results

3.1. Effects of Tai Chi on Fatigue and Sleep

We  identified one recent systematic review and meta-analysis
that synthesized the evidence from all RCTs that have examined
the effects of Tai Chi on fatigue as a specific primary outcome
(Table 2).15 From ten RCTS and 689 participants, which included
individuals with specific health conditions such as lung/breast can-
cer, multiple sclerosis, rheumatoid arthritis, chronic obstructive
pulmonary disease, and age-related fatigue, Tai Chi interventions
that ranged in duration from 4 to 24 weeks improved fatigue more
than control interventions that included stretching, low impact
exercise, health education and conventional nursing (SMD: -0.45,
95% confidence interval (CI): -0.70, -0.20).

Raman and colleagues conducted the first systematic review and
meta-analysis to examine the effects of Tai Chi on sleep related
outcomes in healthy subjects and in patients with chronic health
conditions.16 The authors synthesized the findings of 9 RCTS and
2 non-randomized trials totaling 994 subjects, which included 632
healthy individuals and 362 patients with chronic conditions that
included fibromyalgia (3 studies), heart failure (1 study) and cere-
brovascular disorder (1 study). From meta-analysis of the 9 RCTs,
the authors concluded that a Tai Chi dose of 1.5 to 3 hours per week
for a duration of 6 to 24 weeks significantly improved overall sleep
quality and insomnia in healthy persons and among individuals
with fibromyalgia or cardiovascular disease (SMD: 0.89; 95% CI:
0.28 to1.50). The two non-randomized comparative studies were
not included in the meta-analysis due to lack of sufficient quantita-
tive data. However, these studies reported that a 50 minute, twice
a week, Chen-style Tai Chi intervention (of 15 weeks duration)
significantly improved sleep quality in healthy college students.

3.2. Effects of Tai Chi on Psychological Health

We  identified two  systematic reviews with meta analyses that
have examined the effects of Tai Chi on psychological health. Wang
et al.,8 reviewed the effects of Tai Chi on stress, anxiety, depres-
sion and mood disturbance in eastern and western populations
(41 studies (n = 3817)). The authors also conducted a meta-analysis
on the 21 randomized studies in each psychological subcategory
and reported that regular Tai Chi (up to 48 weeks in duration)
significantly reduced stress (SMD: 0.66; 95% CI: 0.23 to 1.09), anx-
iety (SMD: 0.66; 95% CI: 0.29 to 1.03) depression (SMD: 0.56; 95%
CI: 0.31 to 0.80) and enhanced mood (SMD: 0.45; 95% CI, 0.20 to
0.69) in community-dwelling healthy participants and in patients
with chronic conditions. Seven observational studies that were not
included in the meta-analysis, but had large sample sizes (total-
ing > 1100 participants) and long term interventions (ranging from
0.5 to 14 years), further supported evidence for a beneficial asso-
ciation between Tai Chi practice and psychological health. More
recently, Wang et al.,9 conducted a systematic review and meta-
analysis of 37 RCTs and 5 quasi-experimental trials that studied the
effects of Tai Chi on psychological well-being from both Chinese-
and English-language databases. Their systematic review revealed
that Tai Chi interventions (ranging from 1 month to 5 years in dura-
tion) had beneficial effects for various populations on a range of
psychological measures, including depression, anxiety and general
RCTs that used depression (Center for Epidemiological Studies of
Depression scale) as an outcome measure, and Tai Chi was  found to
have significant benefits on depressive symptoms when compared
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Table  2
Summary of Systematic Reviews on Mechanisms of Effects of Tai Chi

Domain Reviews (author year,
type)

Number & Type of
included studies

Main Results

Fatigue/Sleep Xiang 2017, systematic
review and
meta-analysis 15

Raman 2013,
systematic review and
meta-analysis 16

10 RCTs (cancer, MS,
RA, chronic and
primary insomnia,
COPD, age-related
fatigue)

11 (9 RCTs, 2 NRS)

Tai Chi achieved better gains in relieving
fatigue compared to the control interventions

Tai Chi improves sleep in healthy adults and
patients with chronic conditions

Psychological Health Wang C. 2010,
systematic review and
meta-analysis 8

Wang F. 2014,
systematic review and
meta-analysis 9

40 (17 RCTs, 16 NRS, 7
observational)

42 (37 RCTs, 5
quasi-experimental)

Tai Chi reduces stress, anxiety, depression, and
mood disturbance, and increases self-esteem
in  healthy adults and patients with chronic
conditions

Tai Chi is beneficial for various populations
with chronic conditions on psychological
well-being measures, including depression,
anxiety, stress management, and exercise
self-efficacy

Cognitive Function Wayne 2014,
systematic review and
meta-analysis 10

20 (11 RCTs, 1 NRS, 4
observational, 4
cross-sectional)

Tai Chi shows potential to enhance cognitive
function in older adults, particularly of
executive functioning and in individuals
without significant impairment

Pain/
Musculoskeletal Pain

Kong 2016, systematic
review and
meta-analysis 17

18 RCTs (8 OA, 3 LBP, 2
osteoporosis, 2
fibromyalgia, 3 other)

Tai Chi showed improvements in chronic pain
for  patients with OA, LBP, and osteoporosis.

Wang C. 2012,
Descriptive review 7

Tai Chi appears to be associated with
reductions in pain in patients with
fibromyalgia, OA, and RA

Wang C. 2011,
Descriptive review 29

Tai Chi may be highly suited to the
management of symptoms of common chronic
rheumatic conditions by reducing pain and
improving physical and psychological health
and wellbeing

Respiratory Function Zheng 2015, systematic
review and
meta-analysis 18

20 (2 RCTs, 8 NRS, 3
self-controlled, 7
cohort)

Tai Chi may be effective in improving
respiratory function in healthy adults
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CT: randomized controlled trial; NRS: non-randomized controlled trial; OA: os
ulmonary disease; MS:  multiple sclerosis

o interventions of wellness education and stretching (MD: -5.97;
5% CI: -7.06 to -4.87).

.3. Effects of Tai Chi on Cognitive Function

We  identified one systematic review and meta-analysis that has
xamined the effects of Tai Chi on age-related cognitive decline
n older adults. Wayne et al.,10 systematically evaluated twenty
tudies (total of 2,553 participants), eleven of which were RCTs.

 total of 11 studies evaluated the effect of Tai Chi on cognitive
unction in older adults that had no reported cognitive impair-

ent, and 9 studies in populations that reported varying degrees of
ognitive impairment, ranging from mild cognitive impairment to
rreversible dementia. In cognitively healthy adults, meta-analyses
f executive function outcomes in RCTs revealed small to moder-
te improvements after Tai Chi interventions ranging in duration
rom 26–52 weeks when compared with nonintervention controls
SMD: 0.39; P = .004), and a positive moderate effect size when com-
ared with exercise controls (SMD: 0.51; P = .003). Meta-analyses
f outcomes related to global cognitive function (mini-mental
tate examination) in RCTs of adults with cognitive impairment
hat ranged from mild to dementia, showed small but statistically

ignificant and clinically meaningful improvements after Tai Chi
nterventions (ranging from 12 weeks–52 weeks) compared with
onintervention controls (SMD: 0.35; P = .004) and other exercise
nd cognitive training interventions (SMD: 0.30; P = .002).
hritis; LBP: low back pain; RA: rheumatoid arthritis; COPD: chronic obstructive

3.4. Effects of Tai Chi on Chronic Pain and Musculoskeletal
symptoms

We identified one systematic review and meta-analysis that has
examined the effects of Tai Chi for chronic pain condition. Kong
et al.,17 reviewed 18 RCTs that ranged in duration from 6–26 weeks
and totaled 1260 participants. Eight of these RCTs assessed the
effectiveness of Tai Chi for reducing chronic pain in osteoarthri-
tis, 3 for low back pain, 2 for osteoporosis, 2 for fibromyalgia and
3 for other chronic pain associated with conditions such as her-
pes zoster, chronic stroke and rheumatoid arthritis. Meta-analysis
results indicated that Tai Chi showed positive evidence for reliev-
ing chronic pain from osteoarthritis (SMD, −0.54; 95% CI, −0.77 to
−0.30) and there was some beneficial evidence for the effects of Tai
Chi in relieving chronic low back pain (SMD, −0.81; 95% CI, −1.11
to −0.52) and osteoporosis (SMD, −0.83; 95% CI, −1.37 to −0.28).
However, the authors found insufficient evidence to support or
refute the value of Tai Chi for reducing chronic pain associated with
fibromyalgia.

3.5. Effects of Tai Chi on Respiratory Function
We identified one systematic review and meta-analysis that has
examined the effects of Tai Chi on respiratory function in healthy
adults. Zheng et al.,18 evaluated 20 studies that involved a total
of 1783 healthy community-dwelling adults (age from 45 to 75
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ears old). Of these studies, 2 were RCTs, 8 were non-randomized
ontrolled trials, 7 were cohort studies and 3 were self-controlled
rials. The results of meta-analysis indicated that Tai Chi had a pos-
tive effect on indices of respiratory function: lung capacity (Forced
ital Capacity: n = 1272, MD  = 359.16 mL,  95% CI 19.57 to 698.75

or less than one year of intervention, and MD  = 442.46 mL,  95% CI
71.24 to 613.68 for more than one year of intervention); and res-
iratory efficiency (Maximal Minute Ventilation, MD  = 2.09 L/min,
5% CI 0.90 to 3.28 for < 2 years of intervention or MD = 7.02 L/min,
5% CI 0.40 to 3.27 for > 2 years of intervention). While the results of
his systematic review and meta-analysis suggest that Tai Chi may
enefit respiratory function, the authors only evaluated the effects
f Tai Chi vs. inactive control groups, had a limited number of RCTs,
nd substantial statistical heterogeneity existed for a number of the
eported outcomes.

. Discussion

This umbrella review represents the first summary of available
vidence to suggest that Tai Chi mind-body exercise may  have
mportant clinical benefits for veterans with GWI. Our findings

ndicate that Tai Chi may  have distinct therapeutic effects on the

ajor prevalent symptoms of GWI, namely: 1) fatigue and sleep
roblems; 2) psychological health; 3) cognitive function; 4) chronic
ain; and 5) respiratory function.

igure 1. Tai Chi Mind-Body Exercise for GWI. Inner blue boxes represent the major i
otential pathways and mechanisms of benefit from Tai Chi among veterans with GWI.
 Research 8 (2019) 167–172

A pertinent question for GWI  clinicians and researchers is what
are the underlying mechanisms and pathways through which Tai
Chi may  elicit benefits for veterans with GWI? Given its multi-
component nature, Tai Chi exercise may  possess unique potential
to target multiple physiological and psychological processes and
impact the complex constellation of symptoms that characterize
GWI. We  propose that this mind-body intervention may  bene-
fit GWI  through a diverse, interrelated, reciprocal and potentially
synergistic set of mechanistic pathways (Figure 1). For example,
there are a number of possible interrelated mechanisms underly-
ing how Tai Chi may  improve sleep quality, fatigue and respiratory
function. Tai Chi may  improve sleep by promoting a deep state
of relaxation and restoring the homeostatic balance of sympa-
thetic/parasympathetic function by reducing sympathetic activity
and stimulating the parasympathetic nervous system.16 The med-
itative component inherent in Tai Chi may  also contribute to
increased sleep stability, through related improvements in res-
piratory function. A reduced respiratory chemoreflex sensitivity
and increases in baroreflex sensitivity have been described in
practitioners of meditation.19 These direct improvements in res-
piratory control could lead to improvements in sleep-disordered
breathing. Similarly, Tai Chi also incorporates a component of res-

piratory rhythm training with slow, deep, diaphragmatic breathing,
which could play a role in retraining breathing patterns during
sleep.20 It is also highly plausible that the global improve-
ments in sleep quality, respiratory function, and the promotion of

ntegrated components of Tai Chi Mind-Body Exercise. Outer text boxes represent
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elaxation induced by Tai Chi, may  directly lead to the alleviation
f fatigue.

Similarly, the meditative component of Tai Chi has been hypoth-
sized to negate the impact of pain, anxiety and depressive
ymptoms through stress-related pathways,8,10 which may  also
ndirectly facilitate important benefits in cognitive function. More-
ver, meditation has been shown to affect attention and executive
unctions by increasing the brain’s ability to allocate attentional
esources.21 Thus, the meditative component of Tai Chi may
irectly enhance attention and executive cognitive function. Tai
hi also involves the learning of choreographed movement pat-
erns, which may  directly lead to improvements in visuospatial
rocessing, processing speed, and episodic memory.10

As a physical exercise, Tai Chi provides moderate aerobic activ-
ty as the flowing movements performed during Tai Chi can elevate
eart rate to approximately 70% of the maximal heart rate, depend-

ng on the age of the individual and the intensity of practice.22 Thus
t is possible that increases in cardiorespiratory fitness from Tai Chi
nterventions may  relieve symptoms of fatigue. It is also physio-
ogically plausible that the well-documented benefits of aerobic
xercise on cognitive function, such as cerebral blood flow, neu-
onal connectivity, and neurogenesis, may  be elicited in response
o Tai Chi interventions.23–25 The physical movements of Tai Chi
lso promote muscle strengthening, improved balance control and
oint flexibility, which have been reported to reduce joint pain and
mprove musculoskeletal health, which in turn are associated with
mprovements in psychological health, sleep quality, self-efficacy
nd body awareness.8

Finally, engaging in Tai Chi in a group setting may  enhance mood
nd coping skills through social interactions and camaraderie. This
ocial support aspect of Tai Chi may  have particular relevance
or veterans. A recent pilot study of Tai Chi among veterans with
ost-traumatic stress disorder (PTSD) reported a greater sense of
amaraderie and belonging during group-based sessions.26 Simi-
arly, among veterans who may  have traumatic associations with
ombat stances and postures, engagement in group-based Tai Chi
xercise may  lead to the development of positive associations with
he warrior identity.27

. Limitations

There are several important limitations associated with this
mbrella review. Firstly, we were unable to identify any stud-

es or reviews summarizing the potential benefit of Tai Chi on
astrointestinal symptoms and skin symptoms, two  other highly
revalent reported GWI  symptoms.2 Secondly, we  did not focus
ur review on the effects of Tai Chi on immune function which may
e of particular significance for veterans with GWI. Tai Chi may

mprove immune function through a reduction in stress-response
nflammatory mechanisms.28 Thirdly, many of the reviews and

eta-analyses we summarized demonstrated a high degree of het-
rogeneity. The overall methodological quality of many studies
eviewed was variable, with a large number of studies compar-
ng the effects of Tai Chi to inadequate control groups or in some
tudies, no control groups. Also, the effects of Tai Chi on various
arameters of health were often studied in healthy participants or
mong varying patient populations, which limits our ability to gen-
ralize our findings to veterans with GWI. Finally, in this review
e primarily used a Western medical perspective for describing

he potential of Tai Chi for alleviating individual GWI  symptoms.
owever, given the complex and multisymptom etiology of GWI, it

ay  be beneficial to consider a more holistic and integrated Eastern
edical perspective focused on the potential of Tai Chi for restor-

ng internal balance and harmony while regenerating the body’s
rgans and systems in veterans with GWI.
 Research 8 (2019) 167–172 171

6. Conclusions and Future Research Directions

This umbrella review has summarized positive evidence for the
potential effects of Tai Chi for improving symptoms and health out-
comes for veterans with GWI. Future studies should be conducted
to directly examine the feasibility, efficacy and durability of Tai Chi
for GWI. In addition, studies are warranted to identify and delin-
eate the specific mechanisms underlying the potential benefits of
Tai Chi within this population. Such knowledge would be highly
informative and important for optimizing appropriate intervention
and therapeutic management strategies for veterans with GWI.
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