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Abstract

Background: Regular exercise is beneficial for adults with cardiovascular disease to improve psychological well-being.
Tai Chi is a mind-body exercise thought to promote psychological well-being.

Aim: Examine the efficacy of Tai Chi in improving psychological well-being among persons with cardiovascular disease.
Methods: An electronic literature search of |0 databases (AMED, CINAHL, Embase, OpenGrey, PsycARTICLES,
PsycINFO, PubMed, Scopus, SPORTDiscus, and Web of Science) was conducted. Clinical trials that examined one or more
aspect of psychological well-being, incorporated a Tai Chi intervention among cardiovascular disease participants, and were
published in English or German languages were included. Comprehensive Meta-Analysis version 2.0 software (Biostat, Inc.)
was used to calculate the effect sizes (i.e. Hedges’ g) and the 95% confidence intervals using random effects models.
Results: A total of |5 studies met the inclusion criteria, enrolling 1853 participants (mean age = 66 years old, 44%
women). Outcomes included: quality of life (QOL), stress, anxiety, depression, and psychological distress. When Tai
Chi was compared with controls, significantly better general QOL (Hedges’ g 0.96; p=0.02, 1’=94.99%), mental health
QOL (Hedges’ g=0.20; p=0.01, I’=15.93) and physical health QOL (Hedges’ g=0.40; p=0.00, I’=0%); with less depression
(Hedges’ g=0.69; p=0.00, 1>=86.64%) and psychological distress (Hedges’ g=0.58; p=0.00, >=0%) were found.
Conclusions: Few Tai Chi studies have been conducted during the past decade examining psychological well-being among
older adults with cardiovascular disease. Further research is needed with more rigorous study designs, adequate Tai Chi
exercise doses, and carefully chosen outcome measures that assess the mechanisms as well as the effects of Tai Chi.
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with CVD and includes decreased quality of life, along with
increased symptoms of stress, anxiety, and depression.”*
Despite the availability of pharmacological and behavioral
interventions, CVD patients continue to experience these
undesirable psychological symptoms, which lead to poor
quality of life.>” For example, depressive symptoms are

Introduction

Cardiovascular disease (CVD) is the leading cause of mor-
tality globally, accounting for approximately one-third of all
deaths.! In the United States, the prevalence of CVD com-
prising coronary heart disease, chronic heart failure, hyper-
tension and stroke among adults of all ages is 48%, though
among older adults, defined as 60 years and older, this
increases significantly among both men and women.?
However, when excluding hypertension, CVD prevalence
among United States adults is estimated to be 9%.’
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Psychological well-being was reported to be associated with
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prevalent among 20% of coronary heart disease patients,
20% of chronic heart failure patients, 27% of hypertensive
patients, and 35% of stroke survivors.>*>* On the other
hand, effective mind—body interventions, such as Tai Chi,
that foster psychological well-being among CVD patients
lead to better outcomes.’

Tai Chi exercise is a promising, relatively low cost, and
easily accessible option for holistic CVD management.'*-1?
Originating in China, Tai Chi (also called taiji or tai chi
chuan) is a mind-body exercise combining a series of
meditative, synergistic dance-like movements that pro-
mote energetic (Qi) balance, relaxation, and diaphragmatic
breathing.!* Tai Chi is generally considered a safe, low-
impact, moderate-intensity exercise, making it a feasible
option for individuals with CVD, including those with low
exercise tolerance.'*'° Previous studies demonstrate phys-
iologic benefits of Tai Chi leading to reduced CVD risk
such as lower systolic and diastolic blood pressure, resting
heart rate, triglycerides, low-density lipoproteins, and
inflammatory markers, and improved overall exercise
capacity.'!” Prior research conducted across various chronic
diseases indicates that Tai Chi leads to better psychologi-
cal well-being, such as reducing symptoms of anxiety and
depression and enhancing quality of life.!33

In the past decade, there has been substantial research
interest in Tai Chi evidenced by an increasing number of
randomized clinical trials and reviews.!”!° However, prior
studies conducted among patients with CVD are exceed-
ingly fragmented, and a collective assessment of Tai Chi
impacting psychological well-being indicators such as
quality of life, stress, anxiety, and depression among adults
with CVD has not been conducted. This systematic review
and meta-analysis seeks to add to the scientific literature
by systematically collecting and assessing the efficacy of
Tai Chi interventions published during the past decade, for
improving quality of life, and reducing stress, anxiety, and
depression among adults with coronary heart disease,
chronic heart failure, hypertension, or stroke.

Methods

This systematic review and meta-analysis was con-
ducted in accordance with the Preferred Reporting Items
of Systematic Reviews and Meta-analysis (PRISMA)
guidelines,?® and conforms with the principles outlined
in the Declaration of Helsinki.

Literature search

An electronic literature search was conducted using the
following databases: Allied and Complementary Medicine
Database, Cumulative Index to Nursing and Allied Health
Literature, Embase, OpenGrey, PsycARTICLES,
PsycINFO, PubMed, Scopus, SPORTDiscus, and Web of
Science. The following terms were utilized in the search:
tai ji OR tai chi OR tai chi chuan AND coronary disease

OR coronary artery disease OR cardiac rehabilitation OR
myocardial infarction OR heart failure OR diastolic heart
failure OR systolic heart failure OR hypertension OR
stroke OR stroke rehabilitation OR cerebrovascular disor-
ders AND quality of life OR psychological stress OR anxi-
ety OR depression OR emotions. The search was limited to
humans, clinical trials, full text articles, published in
English or German languages between 11 July 2009 and
10 July 2019. An example of the search in PubMed can be
found in Supplementary Material Appendix A online.

Eligibility criteria

Full-text articles employing a clinical trial study design,
such as a randomized clinical trial (RCT) or quasi-experi-
mental study with a comparison group, incorporating a Tai
Chi exercise intervention, examining one or more aspect
of psychological well-being, such as quality of life, psy-
chological distress, stress, anxiety, and/or depression,
among individuals with a CVD diagnosis (i.e. coronary
heart disease, chronic heart failure, hypertension, or
stroke) were included. There were no limits according to
age, gender/sex, the type of control/comparison groups, or
the Tai Chi intervention frequency, intensity, time, or type.

Data extraction

Two reviewers (RTP and BF) extracted data independently
in a standardized manner. Data pertinent to location, study
design, participant population, intervention and control/
comparison groups, psychological well-being outcomes
measured, and challenges to scientific rigor were col-
lected. Inclusion and exclusion of studies were conducted
in accordance with the PRISMA guidelines.?’

Data synthesis

Comprehensive Meta-Analysis Version 2.0 software
(Biostat, Inc., Englewood, New Jersey, USA) was used to
calculate effect sizes (i.e. Hedges’ g) and 95% confidence
intervals using random-effects models, to estimate the
mean of the distribution of effects that could have been
observed (e.g. different participants or intervention proto-
cols). Effect sizes were defined as follows: small = 0.20,
medium =0.50, and large =0.80.2! Using the random effects
model, the individual study weights are more balanced,
thus the summary effect is more conservative. In the ran-
dom effects analysis the study-to-study variance (tau-
squared) is assumed to be the same for all subgroups. This
value is computed within subgroups and then pooled
across subgroups. The ratio of true heterogeneity to total
observed variation was also calculated using the /2 statis-
tic, as the number of studies in the analysis does not
directly affect 2. I is not scale dependent but is expressed
as a ratio ranging from 0% to 100% (25% = low, 50% =
moderate, 75% = high heterogeneity).?
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Figure |. Preferred Reporting Items of Systematic Reviews and Meta-analysis flow chart.

CVD: cardiovascular disease

Risk of bias in individual studies

Two reviewers (RTP and BF) independently assessed the
risk of bias of the individual randomized clinical trials
using the Jadad scoring criteria.?* Since it is not possible to
double blind participants in a Tai Chi intervention, appro-
priate single blinding was assessed in relation to study per-
sonnel and outcome assessors.’* Any discrepancy in
scoring was reviewed until a consensus was reached.

Results

Literature search

Figure 1 summarizes the literature search and study selec-
tion process. The search identified a total of 172 potential
articles. After removing 46 duplicates, 126 articles were
screened for inclusion based on the title and abstract. After
screening, a total of 108 articles were excluded. The main
reasons for exclusions were due to the study design such as

qualitative, descriptive, review papers, protocols, com-
mentaries, not using a Tai Chi intervention, inappropriate
study sample such as no CVD diagnosis, or no full-text
article available.

Studies selected

A total of 15 clinical trials (13 RCTs,> two quasi-
experimental studies with comparison groups**-?) met the
inclusion criteria (Table 1). The majority of these studies
were conducted in Asia (53.3%, n=8) or North America
(33.3%, n=5), with the other studies conducted in Europe
(13.3%, n=2). There were a total of 1853 participants
enrolled, including two studies among coronary heart dis-
ease participants (n=164, mean age=65 years, 37%
women),?>*8 five studies among chronic heart failure par-
ticipants (n=530, mean age=68 years, 34% women),?6-2>-%
four studies among participants with hypertension (n=930,
mean age=62 years, 55% women),>%3!323% and four



European Journal of Cardiovascular Nursing 00(0)

(panunuo))

uaw AIYAA Ajlrewrad ssausAaneiuasaday
:AuIpIfeA [eUIRIXT
paJamod.apun :ajdwes |jews

%S9L8=DL1

19DUDJIBYPE UOIIUDAIRIU|
paaJodau 30u=3yS

(OL ‘p=U) %¥|=uonimy

DN Yum patedwod (87:0=,832

1=uoN
SHO9M 7| ‘SUOISS3S T

uswom %7 |
sJeak £9=98e ues|y

asop a1enbapeul [enualod :uonusatalul  ‘G00>d ‘§'y=°'"4) uonusaziui-asod 1ag saanisod /| ‘9jfas Suey %GE=43 uealy VSN
AupifeA [eusaau|  uoissaudap sso| Apuedyiusis pey D :uoissaudag 91=Uu‘D]l 8T 2.n|ie) 14B9Y YaIM SIUSnRY Ele) T10T & OUImpay
9%88=9S12.19Xd JIqO.I9. ‘%68=D |
SJ0IDNIISUI JUSIDYIP :92US.J9YpE UOUSAIRIU|
01 9Np UONELIEA JUSWIEA.) [e1IUSI0d :$109)J3 UONDERIIU| suou=3ys $H9M 7| ‘SUOISSIS T
s3npe J4ap|o ‘@UYAA A[lewiid :ssousaneIuasaaday °%0=uonLNIY Suiurean yaduaas/3uiyneng
:ApI[eA [eUIRIX] EHENCNE) (493399 24025 8=U ‘9s1249X3 dIqo.dy UaWOM %05
paJsamod.apun :ajdwes |jewg J1qoJae Yaim patedwod (50°0=4d) 19MO)) SO S)PIM 7| ‘SUOISSIS T sueak 99=a3e ues|y
asop a3enbapeul [enuslod :uopuaAIRIY| uonuaAIUI-Isod (uoissaudop  issaUasIp YdAsy saumsod g ‘o)k1s Sue g uonoeJy uondale paasesaid opd vsN
AupifeA [euaau| -SIWOd) uolissa.dap ss3| pey D1 dHTW 1100 8=UDL 9l yum sauaned aunjiey 1edH  —1 DY €10T g YA
$J032NJISUI JUDIYIP
01 9Np UONELIEA JUSWIIEA. [el3USIOd $109))9 UORILII| paiodau
PSqLIDSOP [|9M 30U SUORUSAIRIUI :uohedl|doy 10U=3DUDJBYPE UOIIUDAIIU|
'UIYD Ul UIA| SI|Npe :SsausAnBIUSSDIdaY paaiodal 10u=3yS S)9M §T ‘SUOISSIS UMOUXUN
AAUPI[RA [BUIDIXT  %9T=S|0IUOD) ‘% | 7=D L =UolLIIY 9512.19%3 dIqo.RY
|NW passasse saWoINO se seiq [enualod :Busa | s|0J3U0d Yaim patedwod uonudAIRIUl sas €9]=U ‘sjo3uo)
sa1eJ 1nodoup [enUIBYIP (UONINIE/AM[EIIOL -1sod (]0°0>d) uoissaudap pue :uoissaudag S9IM $ ‘SUOISSIS UMOWUN USWOM %/§ 'ulyD
9dUaJaype UMoUN ‘sop a1enbapeul [enusiod :uonusAslu| (10°0>4d) Awixue ss3| (10'0>9d) SVYS K1vixuy saJansod 47 ‘9jfas Sue sJeak g9=a3e ues| 610C
“AUpIeA [eus1y| 100 “ay3iy Apuesyiudis pey 51 9€-4S 1100 €91=UDL 9T¢ sjuaned aun|re) 1ueaH 1oy oz 11
S.4n|rey 3e9Y dlUOIYD
6b=U DN
SJ03DNIISUI JUDIDYIP SH99M HT ‘UOISSIS T
01 9Np UOIBLIEA JUSWIES.) [elIUSI0d 51099 UONDRIIU| saamsod ¢| ‘9|k1s ung43ue
PqLIDSOP [|9M 30U SUOIIUBAIRIUI :uonedl|day %€8=D1 ‘%88=3+DL 0€=U ‘Aluo D1
AHD Yam usw Ajurewrid :ssauaaneiuasalday 192UBIYPY UORUDAIDIU] SOIM § ‘SuOIssas 9
:ApijeA [euUIRIX] pa1iodau 10u=3yS JUBWASRUBW SSAIS pUyY
patamod.apun :ajdwes |[ews 9%/ T=uonLny $[99M T ‘SUOISSIS §
|NW passasse sawodINno se selq [ennualod :Bunss | $]0.3U0d Yam patedwod uonednpa u 3nu sn|g
s34 In0doup [BIIUSIDYIP (UONIIIIE/AY[RLIOL (z0'0=4) uonusimui-3sod $)9M T ‘SUOISSIS T USWIOM %€}
asop 23enbapeul [enusod :uopuaAIRIU| (T00D) Y3y [eausw paaisd.ad saamsod ¢ | ‘9|A1s ung43ue ) sJeak 99=a8e ues|y €20
“AupijeA [euaauj J4a12q Apuedyiusis pey 3+ 1 9€-4S 1100 8e=Uu‘IYPIM DL /LII AHD Y3Mm sanpy 30 010T g¢Hed
PSqLIDSOP [|9M 30U SUOIIUSAIRIUI :uonedl|day %/9="qeY> deIpJed +|
AHD Yam usw Ajuiewrid :ssausaneiuasaiday %9/="qeYya. deIpaed
:ApI[eA [eUISIX] 192UBIBYPY UOIIUDAIRIU|
paJsamod.apun :ajdwes |jews paaiodal 10u=3yS S)29M 7§ ‘SUOISSIS UMOUUN
|NW passasse sawo1Nno se selq [elsualod :Bunss | %Ly=uonLnly SAvH GZ=U ‘Ajuo ‘qeya. deipeD
sa1eJ 3nodoup [eluUsIayIp (UONILIIE/AY[RIION uonuaAIuI-Isod sdno.d usamiaq :uoissaudeq SYP9M g ‘SUOISSES UMOWUN UsWoM %0€
asop a3enbapeul [enusiod :uonuaAlRIy| uoissaudap Jo Aaixue IO Ul SAVH ALixuy saansod umouwjun ‘9jA1s umowiun sJeak £9=a8e ues|y Auewien
:ApljeA [euasau]  (S0°0<<d) seduULJIRyIp JuBdYIUSIS ON 21-4S 1100 TT=U “qeyas deipaed snid 5| /¢ sjuanred ‘qeya. deip.aed) 10% 9107 ¢ MRHH0ZIBAA
9sBasIp 1BdY AJRUOIOD
udisap uonedoT
10311 2iyuaIds 03 sagudjjeyd synsoy sa.nses)y S|IE39P [0.3UOD PUB UOIUDAIRIU| N sire3op Jueddiiegd  APMIS  JBIA ‘500, 10YINE 3514

*S|BlJY [BDIUI]D JO MIIAD :9SEISIP Je[NdseAolp.Jed ul ulag-|jom [edi3ojoydAsd pue ayi jo Ajenb ‘espuaxa 1yD 18] | d|qelL



Taylor-Piliae and Finley

(panunuo>)

3uoy| 3uoH ui BulAl| s3npe :ssauaAleIuRsAIdaY
:Api[eA [eUIRIX]

sawn 9|di|nw passasse sawono se seiq [eluaiod :Bunss |

%88=M4 ‘%06=D.1

19408= 2U3J3YPE UOIUIAIIU|
paaJodau J0u=3ys

%1 | =uonLIy

5]03U0d YIMm patedwod

(20'0=9) uonuaaziul-isod ssau3s
paaiddJad sso| Apuedyiusis pey D |
S|0JIUOD PUB AAG YIIM

paJedwod (]0'0>d) uonuaAtul

on

78=U ‘s|jo.auoD)

1M 7| HPSM/UIW 0G|
78=U ‘Mg

SY99M 7| ‘SUOISSIS T

UBWIOM %G§
sJeak y9=a8e ues|y

asop a3enbapeul [enuslod :uopuaAIRIY| -1s0d (JOQ) Yapeay [edisAyd 0 ]-SSd :sso.3§ saamsod 47 ‘9|1s Sue ) 540328} )[sld JAD 8uoy| uoH
AupifeA [euiR3u] - paAIRd.Rd 19339q Apuediusis pey D1 T1-4S 1100 78=UDL $9T €T SNd NLH pim s3npy 1oy 810T ¢c'UeUD
SJ0IDNIISUL JUDISYIP
03 9Np UONELIEA JUSWIIEA. [el3USI0d $109))9 UORILIIU| patiodau
PSqLIDSOP [|9M 30U SUORUSAIRIUI :uonedl|doy 10U=92USJ3PE UOIIUSAIRIU|
spaw paaiodal 10u=3yS 6/=U ‘DN
NLH U0 eulyD ul 8ulAl| S3NPE J9P|O :ssaUSAIEIUSSDIdDY %G°87=uUonLy $99M T ‘SUOIssas 07 |—TL
:Api[eA [eUISIX] DN Y3m pasedwod sasse D pa|-4oad USWoM % | €
s938. 3In0dOUp [BIIUSIDHIP :UONILINIR/AY[EIIO uonuaAsul-asod (70'0=49) a-sid AQ PaMO]|O} {SH29M G ‘SUOISSIS ()| sqeak g9=aSe ues|y
9dUaJaype UMOWUN ‘Ssop a1enbapeul [enusiod :uonusAssly| uoyssaudap ss9| pue (10'0>d) :uoissaudag saunisod {7 ‘9jis p spaw N 1H uo s3npe BUIYD
“ApIfeA [euIIY| 100 23199 Apuesyudis pey D1 9€-4S 1100 6. 851  49pjo SuljPpmp-Alunwwio) 1oy 810T oy BW
SJ0IDNIISUI JUSIDYIP
03 9Np UONELIEA JUBWIES. [el3URIOd $109))9 UORIEIIU| paiodau
P2qII2sap [[am 30U suopuaAIRIUl (uonedlday 10U=3DUDIBYPE UOIIUDAIIU| uswoMm %05
'UIYD Ul UIA| S3|Npe :ssauSABIUSSDIdDY paaJodau 30u=3yS SfPaM 7| sJeak 7g=98e ues|y
:AuIpIfeA [eUIRIX] %G=UonNY $01=V ‘DN spaw N1H ON
sawi 9|dinjnw passasse sawodIno se seiq [enusiod :Bunss | Pa12npuod sasApub dno.s SOIM 7| ‘SUOISSBS UMOWUN SHww 00| > 06= d9d
asop a3enbapeul [enuslod :uonuaAIRIY| u2aM13q ON *(S0"0>d) UonUAIIL saunisod g ‘ajk1s payiiduig Jo 3Hww 09| > OF| = 49S BUIYD
AupifeA [eusaau -3s0d JOQ 491139 pey D | 9€-4S 1100 ¥0l=u ‘DL 80T NLH Y3m sanpy iio):] 610T o¢'NOYS
uoisuayiadAH
%L9=3H ‘%S.=D1
SJ0IDNIISUI JUDIDYIP 192UB.J9Ype UONUSAIRIUY|
03 8NP UOIIELIBA JUBWILA.Y [el3URI0d :S399))0 UO[IIRIIU| (uonnuaatmul
uaw AYAA Ajlrewrad ssausAneiuasaday 03 pajeja. 10U) 8] =3VS
:AUIpIfeA [eUIDIXT %E=uonny SY99M 7| ‘SUOISSIS T
|NW passasse saWoINo se seiq [enualod :Buss | $|0J3U0d Yaim patedwod uonuIAIRIUl (493399 24025 0§=U ‘s|o.3u0d ‘JH USWIOM %9¢€
sa1eJ Inodoup [enUSIBYIP (UONILIIE/AY[EIION -1s0d (]0°0>d) uoissaudap pue  1aMO|) SO SYP9M 7| ‘SUOISSDS HT sJeak /9=98e ues|y
asop @3enbapeul [ennusiod :uonussalul| “(10°0>d) poow 2AneSau (70'0=4d) :sS9.3SIP "Yd2Asq saunisod g ‘9}Aas Sue | %67=43A1 VSN
:A)pI[eA [eUISIU| 700 491199 Apuedyiudis pey D1 4HTW 100D 0S=u ‘DL 00l sjusned sun|rey 3esH 10% 110T Z'U2A
$99M T | ‘SUOISSIS gf ‘Ul OF
P3QLIDSOP [|9M 10U SUOIIUSAIRIUI :uonedl|day paJodau (Of[em Jo 324d) 3sID49X3 dIqoJy
2.n|Ig} 11B3Y DIUOIYD YaM UdW AjLiewrid :ssausAneluasadoy 10U=92UBJBPE UOIIUBAIDIU| 0g=u‘13
:Api[eA [eUISIX] paaiodau 3ou=3ys SYO9M 7| ‘SUOISSIS HT ‘Ul OF USWIOM %G|
paJamoduapun :adwes |jewg %0=uonLNy (Vl[em Jo 924d) 3sID49X3 dIqo.J9e snid sJeak /=98¢ ues|y
sawf 9|di|nw passasse sawo)no se seiq [eluaiod :Bunss | Ajuo |3 yum pasedwod (493399 24025 $]99M T | ‘SUOISSIS T ‘Ul OF %E€=43 Ues|y
9dUaJaype UMOUUN ‘sop a1enbapeul [ennuslod :uonusAsaay| (£0°0=4) uonusamui-asod 10D BY3y) 1IN0 saamsod (| ‘o|As Sue sjuaped 101d Aeyy
“Aupije [euaaul 493399 Apuedyiudis pey 13+D1  MINdEW 10D 0€=u‘13+ DL 09 adnjigj 3edy oluodyy  —1DY 110T ¢ MuIwed
udisap uonedoT
10311 JiyuaIds 03 sadus|jeyDd synsoy sa.nses)y S|IE39p |0J3UOD PUE UOIIUSAIDIU] N sire3op Jueddiaed  APMIS  JBIA ‘500, 1OYINE 3514

(penunuo)) | 3jqeL



European Journal of Cardiovascular Nursing 00(0)

Bune.-yas :5s ‘a4nssaud poojq 2101sAs :dgs ‘2[eds A1a1Xuy Sue.-J[3S : SIS ‘IUSAD DSIDAPE SNOLISS 1S ‘UOIOW Jo dSUE. QY ‘UONEI|IqeyD. "Ry {[eLid [ed]

34D [eNsn 1D YD Ik D] ‘wlo4 woyg :4S ‘9[eds uoissaudaq

> pazIWopuel ] DY ¢

jo Ajenb 1O ‘[eauswiiadxa-isenb 130

tAdeaay eaisAyd : | 4 ‘[ed180joyd4Asd rydhs (9edS $S3.41G PIAIDdIR 1SS {S9IBIS POOL JO B[O SO AMAnde [edishyd :yd @Jreuuonisanb aunjieq 14eaH Yaim SUIAI BI0SaUUIL i {HTIA ‘@Jleuuonsanb uondJeju| [eIpJedoAly Ja3je aji
30 ANjend :[WNTO MINDEIN {UOIIdRIY UOIIRID IejndLIIUSA 13| (AT ‘UoisudlIadAY N H (uonednps 3esy :3H ‘9[eds uoissaudag pue A1vIxuy [eidsoH :SQyH ‘Jieuuonssnd YijesH [edausn) :OHO (Sululesl 9dUBINpus :] J uonde.y
uondals 143 ‘uoneanps :3 aunssaud poojq d1jolselp :dgQ ‘9SESSIP JB|NISBAOIP.IRD (JAD ‘9SeasIp 11eay AJeuoJod :qHD ‘oeds uoissauda saipmg d13ojolwapid] Joj 491U :g-S3D ‘Bubjjem dsiiq :AAg ‘Al1olusAu| uoissauda( ddag | dg

SJ0IDN.IISUI JUSIDYIP
03 NP UOIIELIBA JUBWILR.Y [B3URIOd :S3994)0 UO[IIRIIU|
P2qLIsap [[2m 30U suopuaAIRIUl (uonedldey

payiodau
10U=9DURIBYPE UOIIUDAIDIU|

uede[ ur BulAl] ‘uswom Jap|o Ajrewrid :ssauaAneIuasaday paiiodad Jou=3yS Suluieay 2dUBISISA/SI1qOIRY
:A)IpI[eA [BUIDIX] %G | =uonLIIY (493399 Ll=u
paJsamod.apun :3jdwes |jewg ‘qeyad 90435 YIm paJedwiod 9025 19MO|) ‘qeyad 0435
sawn 9|dijnw passasse sswodIno se seiq [enuslod Sunss | uonuaAsRu-Isod (70'0=4) uoissaudag S99M T| ‘sUOIssas 7| USWIOM %69
asop a3enbapeul [enuslod :uopuaAIRIY| uoissa.adap sss| pue (]0'0=d) -OHD® saJnisod umouwjun ‘9|Aas Sue\ saeak //=93e ues|y uede[
AupifeA [euaau| 100 o394 Apuesyudis pey D1 09-OHD 10D LI1=UDL  ¥E SIOMAINS 903§ JOPIO 1oy 0102 ,¢8ueAn
USW Pa3edNpa-||9M ‘@UYAA AewiId issousAnneiuasadoy
:ApI[eA [euIRIX] %66=2N ‘%T6=DL S)9M 7| ‘SUOISS3S T |
patamod.apun :ajdwes |[ews 192US.J9YpE UOUSAIRIU| [e> suoyd snid sjeliaiewW g USIIIAA
sawn 9|dnjnw passasse sawodIno se seiq [enuslod :Bunss]  (UonUSAISIUI 01 PalE|R. J0U) | =3VS 1=uON USLWIOM %8
$938. 3IN0dO.p [BIIUSIDHIP :UONLIIIR/AY[EIIO €=U ‘D1 ‘%| | =uonLy a-sin $99M T | ‘SUOISSas 9¢ sJeak g9=a8e ues|
asop a3enbapeul [enuslod :uonuaAlRIy| "UoUBAIIUI-IsOd S9OUSIRYIP :uoissaudag saJnisod 47 ‘9)fas Sue SJOAIAINS opd vsN
:AIpIfeA eulalu) dnou8 usamiaq Juesyudis oN 9¢-4S 100 9|=U‘D] 87 fo.is Bulpmp Alunwwiody  —1DY T10T o¢'®!|Id-40]Ae |
$99M 7| ‘suolssas 7|
|e> auoyd snid sjeliaIeW \d USIIIAA
%£6=2N 8y=u DN
uawW pajednpa-||am ‘AMUYAA AJiewirid :ssauaaneiuasalday ‘9% | 8=S4BIUSIDA|IS ‘%78=D1 $)99M 7| ‘suoIssas 9¢
:AUIpIfeA [BUIDIXT 192UDJ9YPE UOIIUDAIIU| WOY pue yaduaag
sawn 9|dnjnw passasse sawodIno se seiq [enuslod :Bunss]  (UonUSAISIUI 01 PalBIR. J0U) | =3VS Ph=U ‘SID[BIUSIDA|IS USWIOM % /4§
$938. 3In0dO.p [BIIUSIDHIP :UONLIIIR/AY[EIIO %0 =uonLIYy a-sin $99M T| ‘SUOISSIS 9¢ sJeak g/=98e ues|y
asop a3enbapeul [enusod :uopuaAIRIU| uonusAIuI-Isod sdUISYIP :uoissaudag saanisod 47 ‘9jfas Sue SJOAIAINS VSN
:A)pI[eA [euIRIU| dno.g usamiaq auesyiudis oN 9€-45 1100 €5=U‘Dl Sp| 9joas 3ulemp Alunwiwo) 1o $10T 52
SJ032NJISUI JUIYIP
01 9Np UONELIEA JUSWIIES.Y [e3USI0d S109))9 UOMILII|
PSqLIDSOP [|9M 30U SUOIUSAIRIUI :uohedl|doy payiodau
©a.40Y| Ul ulAl] usw Ajrewid :ssauaAneIuasalday 10U=9DU3.J9YpPE UOIIUDAIRIU|
:A)PpI[eA [eUIDIX] paiodau j0u=3yS syeam 9 ‘Adesay edisAyd jessusny
paJsamod.apun :ajdwes |jewg %0=U0nINIY l1=u‘ld
sawn 9|di|nw passasse sawono se seiq [eluaiod :Bunss | 1d Yam paedwod $[99M 9 ‘SUOISSIS T | USWIOM % |
asop 23enbapeul [enuslod :uopuaAIRIY| uonuaasui-sod (10°0>d) saunisod g ‘9jA1s umowyun sJeaf $G=a3e ues| €210
:A)pI[eA [euUIRIU| 700 491199 Apuedyiudis pey D1 9€-4S 1100 l1=u‘D1l Tr swwuaned 9jous paziedsoy 10% S10T pe' Wiy
SIOAIAINS 30115
S1030N.13SUl JUIYIP paiodau
03 SNp UOIIBLIBA JUSWIED.I [el3U3I0d :$309))9 UONDRIRIU| 10U=92USJBYPE UOIIUBAIRI|
P3QLIDSIP [|9M 10U SUOIIUSAIRIUI :uonedl|day paaiodau 10u=3yS $YP9M 7§ ‘SUOISSas 96 |
BUIYD Ul SUIAI| USWIOM PaJiIa.l Ajurew :ssausAneIuasaIday % | =uonLIy (s4oandwod
:Api[eA [eUIRIX] $|0J3U0D YIM Suiuaea)/Buipead) 0G| =u ‘sjosuo) uswom %78
|NW passasse sawodINno se selq [enualod :Bunsa | paJedwod (§0'0=d) uonuaAIUl S99M TG ‘SUOISSDS 9G | %Ee=SIeak G9=
asop a3enbapeul [enusiod :uonusislul -1sod (JOO) Yaeay [edishyd saamsod umousjun ‘9|A1s umoudun %19=51234 $9—G} BUIYD
:AupieA [eusadu]  paaeduad Je1aq Apuedyiusis pey D) T1-4S 1100 0S1=U"DL 00€ NLH Y3Mm s3npy 1oy S10T ¢e'uns
ugisap uonedoT
40311 dy1uaIds 01 sasus|ieyd s3nsay $2.4nseal| S|Ie39p |0J3UOD PUB UOIIUSAIRIU| N s|ie3ap juedidney Apnig  aBaA ‘yu00,40YINE 3514

(penunuod) °| s|qeL



Taylor-Piliae and Finley

Table 2. Risk of bias for the individual randomized clinical trials.

Jadad scoring Wieczorrek, Li,  Yeh, Caminiti, Yeh,

Shou,

Ma, Chan, Sun, Kim, Taylor-Piliae, Taylor-Piliae, Wang,

criteria 2016 2019 2013 2011 2011 2019 2018 2018 2015 2015 2014 2012 2010
Randomization 2 2 2 2 2 I 2 2 | I 2 2 |
Blinding? 0 0 2 0 2 0 | 2 2 0 2 2 2
Withdrawals/ | I | I I I | I | 0 | I |
dropouts

Score 3 3 5 3 5 2 4 5 4 I 5 5 4
Risk of bias Low Low Low Low Low High Low Low Low High Low Low Low

Jadad scoring =3=low risk of bias, <3=high risk of bias (range 0-5).*
2Appropriate single-blinding.*

studies among stroke survivors (n=229, mean age=67
years, 51% women).3*7

Tai Chi intervention

The Yang style of Tai Chi was most commonly practiced in
these studies (7=9, 60%). The study intervention length
varied greatly, ranging from six to 52 weeks (mean=17
weeks), with on average 36 sessions provided (range=12—
156). Intervention adherence was reported by only 53.3%
of these studies (n=8). Among the studies reporting inter-
vention adherence rates, the average was approximately
83% though wide-ranging rates were reported (67-92%)
(Table 1).

Control conditions

Usual care (n=8 studies) was the most common control
condition, followed by some type of other exercise (n=6
studies), or an education-control (n=1 study). Adherence
rates to these control conditions were reported by only
40% of these studies (n=6). Among these studies the aver-
age adherence rate was approximately 85%, though wide-
spread rates were reported (67-99%) (Table 1).

Outcomes measures

These studies assessed quality of life (n=14 studies), psy-
chological distress (n=2 studies), stress (n=1 study), anxi-
ety (n=2 studies), and depression (n=7 studies). Quality of
life was assessed using a variety of measures including the
Minnesota Living with Heart Failure Questionnaire, the
Short Form Health Survey, or the MacNew Quality Of Life
after Myocardial Infarction Questionnaire. Psychological
distress was assessed using the Profile of Mood States.
Stress was assessed using the Perceived Stress Scale, while
anxiety was assessed using either the Hospital Anxiety
Scale or the Self-Rating Anxiety Scale. Depression was
assessed using a variety of measures including the Beck
Depression Index, Hospital Depression Scale, the Center
for Epidemiologic Studies Depression Scale, General

Health Questionnaire-Depression, POMS-Depression, or
the Self-Rating Depression Scale (Table 1).

Methodological quality of RCTs and risk of bias

The study quality of the 13 RCTs using the Jadad scale?
criteria was on average acceptable (mean score=3.8,
range=1-5). However, two of the RCTs**** did not describe
the randomization method or whether blinding was used,
indicating a high risk of bias (Table 2).

Synthesis of results

Meta-analyses were conducted for CVD overall and then
according to type of CVD, when there was >1 study for
the outcomes of interest: general quality of life (QOL)
(n=6 studies), perceived mental health QOL (n=8 studies),
perceived physical health QOL (n=8 studies), depression
(n=9 studies), anxiety (n=2 studies), and psychological
distress (n=2 studies), comparing Tai Chi with controls.

QOL. Asignificant large effect for better general QOL was
observed overall (Hedges’ g=0.96; p=0.02, ’=94.99%)
when Tai Chi was compared with controls (Figure 2(a)).
When examining general QOL according to type of CVD,
better general QOL was not significant (Hedges’ g=1.00;
p=0.14, I’=96.75%) among chronic heart failure partici-
pants (n=4 studies). There was only one study examining
general QOL among hypertensive participants (Hedges’
2=0.94; p=0.00) and only one study among stroke survi-
vors (Hedges’ g=0.75; p=0.03), thus additional meta-anal-
yses were not conducted. When examining better mental
health QOL, only a small significant effect was observed
overall (Hedges® g=0.20; p=0.01, I’=15.93%) when Tai
Chi was compared with controls (Figure 2(b)). When
examining mental health QOL according to type of CVD,
a significant moderate effect for better mental health QOL
was observed (Hedges’ g=0.46; p=0.03, ’=0%) among
coronary heart disease participants (n=2 studies), yet this
was not significant among hypertensive (n=3 studies,
Hedges’ g=0.13; p=0.13, I’=0%) or stroke participants
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Model Sample Outcome Statistics for each study H ' g and 95% Cl
Hedges'g Lower Upper
limit limit pvalue
Li 2019 CHF QoL 2.637 2.298 2.976 0.000
Yeh 2013 CHF QoL 0419 -0.519 1.357 0.381
Caminiti 2011 CHF QoL 0.384 -0.120 0.888 0.135
Yeh 2011 CHF QoL 0.469 0.075 0.864 0.020 ——
Shou 2019 HTN QoL 0.936 0.650 1.221 0.000
Wang 2011 Stroke QOL 0.750 0.070 1.431 0.031
Fixed 1.185 1.015 1.355 0.000
Random 0.955 0.147 1.762 0.020
-200 -1.00 000 1.00 200
Favors controls Favors Tai Chi
(a)
Model  Study name Sample Outcome Statistics for each study H ' g and 95% Cl
Hedges'g Lower Upper
limit limit pvalue
Wieczorrek 2016 CHD QOL-mental 0.266 0.482 1.014 0.485
Park 2010 CHD QOL-mental 0.546  0.060 1.032 0.028
Chan 2018 HTN QOL-mental 0.014 0.291 0.318 0.930
Sun 2015 HTN QOL-mental 0.124 0.116  0.364 0.310
Ma 2018 HTN QOL-mental 0.243 0.069  0.554 0.126
Kim 2015 Stroke QOL-mental 0.797 0.041 1.635 0.062
Taylor-Piliae 2014  Stroke ~ QOL-mental 0.010 0.378  0.398 0.959
Taylor-Piliae 2012 Stroke ~ QOL-mental 0.687 0.061 1.436 0.072
Fixed 0.185 0.049  0.320 0.008 i d
Random 0.199 0.044  0.355 0.012 L 4
-2.00 -1.00 0.00 1.00 2.00
Favors controls Favors Tai Chi
Model  Study name Sample Outcome Statistics for each study H ' g and 95% CI
Hedges'g Lower Upper
limit limit pvalue
Wieczorrek 2016 CHD QOL-physical 0512 -0.245 1.270 0.185
Park 2010 CHD QOL-physical ~ 0.059 -0.418  0.536 0.808
Chan 2018 HTN QOL-physical 0.505 0.196  0.815 0.001 ——
Sun 2015 HTN QOL-physical 0.473 0.230 0.716 0.000 -
Ma 2018 HTN QOL-physical 0.434 0.120  0.748 0.007 ——
Kim 2015 Stroke  QOL-physical 0.741 0.092  1.575 0.081
Taylor-Piliae 2014 Stroke ~ QOL-physical 0.058 0.329  0.446 0.768 =
Taylor-Piliae 2012  Stroke QOL-physical 0.592 0.151 1.335 0.118
Fixed 0.399 0.262  0.536 0.000 L 2
Random 0399 0262 0.536 0.000 <
-2.00 -1.00 0.00 1.00 2.00
Favors controls Favors Tai Chi
(c)

Figure 2. Quality of life meta-analysis. (a): General quality of life, (b) mental health quality of life, (c) physical health quality of life.
CHD: coronary heart disease; CHF: chronic heart failure; Cl: confidence interval; HTN: hypertension; QOL: quality of life

(n=3 studies, Hedges’ g=0.40; p=0.15, I’=54.76%).
Finally, when examining better physical health QOL, a
significant moderate effect was observed overall (Hedges’
g=0.40; p=0.00, ’=0%) when Tai Chi was compared with
controls (Figure 2(c)). When examining physical health
QOL according to type of CVD, a significant moderate
effect for better physical health QOL was observed
(Hedges’ g=0.47; p=0.00, ’=0%) among hypertensive
participants (n=3 studies), though this was not significant
among coronary heart disease (n=2 studies, Hedges’
g=0.19; p=0.36, I’=0%) or stroke participants (n=3 stud-
ies, Hedges’ g=0.34; p=0.13, I’=35.23%).

Psychological distress. A significant moderate effect for
less depression was observed overall (Hedges’ g=0.69;
p=0.00, ’=86.64%) when Tai Chi was compared with
controls (Figure 3(a)). When examining depression

according to type of CVD, a significantly large effect
was observed for less depression among chronic heart
failure participants (n=4 studies, Hedges’ g=1.07;
p=0.00, ’=86.99%), though less depression was not
observed among stroke participants (n=3 studies,
Hedges’ g=0.45; p=0.07, I’=50.20%). There was only
one study examining depression among coronary heart
disease participants (n=1 study, Hedges’ g=0.10; p=0.79)
and only one study among hypertensive participants
(Hedges’ g=0.39; p=0.02), thus additional meta-analyses
were not conducted. When examining anxiety (n=2 stud-
ies), a large but non-significant effect was observed
(Hedges’ g=1.36; p=0.22, I’=96.43%) when Tai Chi was
compared with controls (Figure 3(b)). When examining
anxiety according to type of CVD, there was only one
study examining anxiety among coronary heart disease
participants (Hedges’ g=0.23; p=0.55) and one study
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Model Study name Sample Outcome Statistics for each study Hedges' g and 95% CI
Hedges'g Lower Upper
limit limit  pvalue
Wieczorrek 2016 CHD ~ Depression ~ -0.102 -0.847  0.643  0.788 ——
Li 2019 CHF Depression -1.681 -1.970 -1.393 0.000 ——
Yeh 2013 CHF Depression -1.261 -2.285 -0.236 0.016 i
Redwine 2012 CHF Depression -0.786 -1.542 -0.031 0.041 i
Yeh 2011 CHF Depression -0.521  -0.917 -0.126 0.010 —i—
Ma 2018 HTN Depression -0.389 -0.703 -0.076 0.015 ——
Taylor-Piliae 2014 Stroke  Depression -0.181 -0.569  0.208 0.362 ——
Taylor-Piliae 2012 Stroke Depression -0.348  -1.122 0.426 0.379 i
Wang 2011 Stroke  Depression -0.997 -1.695 -0.299 0.005
Fixed -0.785 -0.936 -0.633  0.000 *
Random -0.691  -1.142 -0.239 0.003
-2.00 -1.00 0.00 1.00 2.00
Favors Tai Chi Favors controls
(a)
Model Study name Sample Outcome Statistics for each study Hedges' g and 95% CI
Hedges'g Lower Upper
limit limit pvalue
Wieczorrek 2016 CHD Anxiety -0.230 -0.977 0.517 0.546
Li 2019 CHF Anxiety -2.434 -2761 -2.107  0.000
Fixed -2.079 -2379 -1.779  0.000
Random -1.359 -3.518 0.800 0.217
-2.00 -1.00 0.00 1.00 2.00
(b) Favors Tai Chi Favors controls
Model Study name Sample Outcome Statistics for each study Hedges' g and 95% CI
Hedges'g Lower Upper
limit limit pvalue
Yeh 2013 CHF Psych Distress -0.960 -1.944 0.025 0.056
Yeh 2011 CHF Psych Distress -0.521 -0.917 -0.126  0.010 ——
Fixed -0.582 -0.949 -0.215 0.002 .
Random -0.582 -0.949 -0.215  0.002 s
-2.00 -1.00 0.00 1.00 2.00
(© Favors Tai Chi Favors controls

Figure 3. Psychological distress meta-analysis. (a) Depression, (b) anxiety, (c) psychological distress.
CHD: coronary heart disease; CHF: chronic heart failure; Cl: confidence interval; HTN: hypertension

among chronic heart failure participants (Hedges’
g=2.43; p=0.00), thus additional meta-analyses were not
conducted. When examining psychological distress,
only studies conducted among chronic heart failure par-
ticipants were found (n=2 studies), with a moderately
significant effect observed for less psychological dis-
tress (Hedges’ g=0.58; p=0.00, I’=0%) when Tai Chi was
compared with controls (Figure 3(c)).

Reports of safety and adverse events

A total of three of these clinical trials reported adverse
events that occurred during the study, though none was
attributable to the Tai Chi intervention.?’3%3¢ One study
reported no adverse events,”® while the majority of these
studies (n=11, 69%) failed to report whether there were
any adverse events.

Discussion

This is the first systematic review and meta-analysis of
clinical trials written in English and German languages

published during the past decade to assess the efficacy of
Tai Chi exercise interventions for improving psycholog-
ical well-being among adults with CVD. Overall, the
meta-analysis results indicate that Tai Chi interventions
among older adults (60 years of age and older) with
CVD led to significantly better quality of life, along with
less depression and psychological distress, compared
with controls. Our findings are similar to another sys-
tematic review and meta-analysis examining psycholog-
ical benefits of Traditional Chinese Exercise (i.e. Tai
Chi, Qigong or Baduanjin), which reported better QOL
and less depression among adults with CVD.*’ Further,
our results are similar to other mind-body exercise inter-
vention studies which have examined the effect of Yoga
on quality of life, depression and anxiety among adults
with chronic heart failure, hypertension or stroke.*!~44
While Yoga is a safe, mind—body exercise, relatively few
studies have assessed psychological well-being among
adults with CVD.

In this study, we observed distinctive benefits from
Tai Chi practice, according to CVD diagnosis. In our
study, coronary heart disease participants in the Tai Chi



10

European Journal of Cardiovascular Nursing 00(0)

groups had significantly better mental health QOL com-
pared with controls. This finding is consistent with a
recent meta-analysis reporting better QOL among per-
sons with coronary heart disease following Tai Chi-based
cardiac rehabilitation.*> However, in our study, chronic
heart failure participants in the Tai Chi groups did not
have a significant improvement in QOL, but had signifi-
cantly less depression and psychological distress, com-
pared with controls. These results are similar to findings
in a prior meta-analysis examining the benefits of Tai Chi
among adults with chronic heart failure,*® though are in
contrast to other meta-analyses reporting significantly
better QOL in Tai Chi participants among adults with
chronic heart failure.*’*% In our study, we found hyper-
tensive participants in Tai Chi groups had significantly
better physical health QOL compared with controls. To
our knowledge this is a novel finding among adults with
hypertension. Among stroke survivors in the Tai Chi
groups in our study, a non-significant moderate effect for
less depression was observed compared with controls.
Prior meta-analyses examining the benefits of Tai Chi
among stroke survivors have primarily focused on physi-
cal function, such as balance and gait.**** Absent from
the literature are prior meta-analyses examining the effect
of Tai Chi on psychological well-being among stroke
Survivors.

Tai Chi is an affordable, non-pharmacological approach
to facilitate psychological well-being among individuals
with CVD,’ although not all studies have reported benefits
and study quality remains inconsistent. Among the studies
included in this meta-analysis, challenges to scientific
rigor identified potential internal and external validity
weaknesses. Internal validity weaknesses comprised
unknown intervention adherence rates with potentially
inadequate Tai Chi doses, differential drop-out rates among
groups, potential testing bias as outcomes were assessed
multiple times, and small samples with insufficient power
to detect significant differences between groups. External
validity weakness encompassed the limited representative-
ness of the study samples to the general population, study
replication difficulties as the interventions were not well
described, and possible interaction effects as treatment
variation was possible due to different instructors. Going
forward, it is important that the methodological standards
of future studies be improved, better reporting of key
design features such as randomization methods, blinding,
or adverse events.* Further, future studies should report
features specifically relevant to Tai Chi studies, including
type of Tai Chi style, number of postures, intervention
dose, and adherence rates.

Limitations

There are a number of limitations to this study. First, our
analyses were limited to published studies in English
and German languages, which may have omitted other

important research evidence. Second, high heterogeneity
was observed for several of these outcomes, indicating
inconsistent findings across studies. Third, women were
underrepresented in the coronary heart disease and
chronic heart failure studies, limiting generalizability.
Finally, some studies with poorer methodological qual-
ity were included in this review. However, this system-
atic review and meta-analysis was conducted following
established PRISMA guidelines, with two independent
reviewers conducting the literature search, abstracting
the data, and assessing the risk of bias for the RCTs.

Suggestions for future research

Future research is needed to help establish behavioral, bio-
logical, and environmental mechanisms through which
psychological factors influence CVD and to identify effec-
tive treatments, such as Tai Chi, to reduce their impact on
morbidity and mortality. In addition, further research is
needed to explore potential mechanisms of how Tai Chi
improves psychological well-being, especially among
adults with CVD.*?

Conclusions

Among older adults with CVD, Tai Chi was effective in
improving psychological well-being, with significantly
better quality of life, along with less depression and psy-
chological distress found, when compared with controls.
However, these improvements were different according to
CVD diagnosis. Tai Chi participants with coronary heart
disease had better mental health QOL, chronic heart fail-
ure participants had less depression and psychological dis-
tress, while those with hypertension had better physical
health QOL; compared with controls. Further research is
needed with more rigorous study designs, adequate
descriptions of important Tai Chi exercise intervention
features, and carefully chosen outcome measures that
assess the mechanisms, as well as the effects, of Tai Chi for
improving psychological well-being.

Implications for practice

e Tai Chi is a safe, low-cost mind-body exercise
that facilitates better psychological well-being.

e Meta-analytic evidence indicates that Tai Chi
interventions among adults with coronary heart
disease or hypertension lead to better quality of
life with less depression and psychological dis-
tress among adults with chronic heart failure
when compared with controls.

e Meta-analytic evidence indicates that Tai Chi did
not significantly improve quality of life or reduce
depression among stroke survivors when com-
pared with controls.
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