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Abstract
Background: We aimed to assess the efficacy of resistance exercise in rheumatoid arthritis (RA) in randomized controlled trials
(RCTs).

Method: PubMed, the Cochrane Library, and Embase were searched according to the index words to identify eligible RCTs, and
relevant literature sources were also searched. The latest search was done in August 2019. Odds ratios (OR), mean difference (MD),
and 95% confidence interval (95% CI) were used to analyze the main outcomes.

Result:Seventeen RCTs were included in the meta-analysis with 512 patients in the resistance exercise group and 498 patients in
the control group. The results showed that compared with the control group, resistance exercise significantly decreased disease
activity score in 28 joints (DAS-28) scores (standard mean difference [SMD]: –0.69, 95% CI: –1.26 to –0.11), reduced erythrocyte
sedimentation rate (ESR) (SMD: –0.86, 95%CI: –1.65 to –0.07), and shortened the time of 50 ft. walking (SMD: –0.64, 95%CI: –0.99
to –0.28). No significant difference was observed in visual analog scale (VAS) scores (SMD: –0.61, 95% CI: –1.49–0.27) and health
assessment questionnaire (HAQ) scores (weighted mean difference: –0.10, 95% CI: –0.26–0.06).

Conclusion: Resistance exercise showed reducing DAS-28 score, ESR score, and the time of 50 ft. walking in RA patients
compared with the control group. However, high quality multicenter RCTs with larger sample sizes to confirm the conclusion.

Abbreviations: 95% CI = 95% confidence interval, MD =mean difference, OR = odds ratios, RA = rheumatoid arthritis, RCTs =
randomized controlled trials.
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1. Introduction

Despite the remarkable impact of pharmaceutical interventions,
physical therapy and exercise training remain an important part of
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rheumatoid arthritis (RA) management.[1,2] Moreover, given that
cardiovascular events are an important issue in RA outcomes,
improving cardiovascular risk[3] through aerobic exercise seems to
be the most relevant ancillary therapy in RA management.[4]

Indeed, aerobic exercises have been shown to improve cardiovas-
cular fitness and the quality of life of patients, while reducing RA-
associated disability and pain.[5] However, the use of resistance
exercise therapy for RA patients is still controversial because its
effects on cardiovascular risk are still a concern.[6] Although some
studies have shown a statistically significant effect on RA
disability,[7–9] other studies have suggested that this improvement
is not statistically significant[10] or clinically relevant.[11] Similarly,
discrepancies were observed between studies reporting a positive
effect of exercise on functional capacity[11] versus others that did
not find such a positive effect.[8,10] These disparities are likely due
to sample size variations and the fact that most of the studies on
resistance exercises only addressed changes in muscle strength. In
fact, few studies have addressed the efficacy of resistance exercise-
based therapy forRApatientswith respect to pain, disease activity,
functional capacity, quality of life, and structural damage; thus, the
effects of this therapy remain unclear. Therefore, we conducted a
systematic review of the literature to determine whether resistance
exercise effectively improved the above-mentioned parameters of
RA. Finally, we assessed whether this treatment addition is
clinically relevant, and evaluated its dependence on exercise
modalities and/or patient characteristics.
Based on these considerations, the aim of this study was to

perform a meta-analysis of all available literature to obtain
updated evidence on the efficacy of resistance exercise for women
with RA.

mailto:290507602@qq.com
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2. Methods

2.1. Search strategy

The Cochrane Library, PubMed, and Embase were searched for
all randomized control trials (RCTs) on the efficacy of resistance
exercise in the treatment of RA. Other related articles and
reference materials were also searched. The latest research was
performed on August 2019. Two investigators carried out the
literature search independently; a third investigator was involved
when disagreement occurred.
2.2. Inclusion and exclusion criteria

A study was included if it was: a RCT; the research subjects were
patients with RA and did not have other serious diseases; the
intervention of the treatment group was resistance exercise,
repetition training aimed to improve muscle strength, and
rehabilitation exercise was initiated at the discretion of the
rehabilitation specialist; the interventions of the control group
were general nursing, non-aerobic exercise, or range of motion
exercise; only articles published in English were included.
A study was excluded if it was: duplicate publication, or the

content and result were the same; data had obvious mistake; case
report, theoretical research, conference report, systematic review,
meta-analysis, expert comment, or economic analysis; the
outcomes were not what we need; postoperative rehabilitation
training.
All the studies were screened by 2 reviewers independently to

determine whether an article satisfied the inclusion and
exclusion criteria, and discrepancies were resolved by a third
reviewer.
2.3. Data extraction and quality assessment

The data were extracted from all the included studies and
consisted of 2 parts: baseline information and primary outcomes.
The first part was baseline information: author name, publication
year, the interventions of the treatment group and the control
Figure 1. The flow diagram of the litera
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group, sample size, treatment, main age, sex, and Jadad score.
The second part was clinical outcomes: disease activity score in
28 joints (DAS-28), the erythrocyte sedimentation rate (ESR),
visual analog scale (VAS) score, the health assessment question-
naire (HAQ), and 50ft. walking test. The Jadad scoring checklist
was used to appraise the quality of involved studies. We
evaluated all the RCTs from the 5 items: statement of
randomization; appropriateness of generating randomized
sequence; use of double blind; description of double blinding
method; detail of withdrawals and dropouts. Studies with a score
of <3 represented a low-quality and high bias risks, studies gota
score exceed 3 were indicated as high-quality trial. All the above
process was done by 2 reviewers independently, and disagree-
ments between the 2 reviewers were resolved by discussion until a
consensus was reached.
2.4. Statistical analysis

All statistical analyses were performed using STATA 10.0
(StataCorp LLC, College Station, Texas). Chi-squared and I2

tests were used to test the heterogeneity of clinical trial results and
decided the analysis model (the fixed-effects model or the
random-effects model). When the Chi-squared test P-value was
�.05 and I2 tests-value was >50%, it was defined as high
heterogeneity and assessed by the random-effects model. When
the Chi-squared test P-value was >.05 and I2 tests-value was
�50%, it was defined as acceptable heterogeneity data and
assessed by the fixed-effects model. Continuous variables were
expressed as mean± standard deviation and analyzed by mean
difference (MD). Categorical data were presented as percentages
and analyzed by relative risk (RR) or odds ratio (OR). MD along
with 95% CI was used to analyze all the outcomes.

3. Results

3.1. Characteristics of the included studies

Totally 1157 articles were searched by the indexes, and 1095
articles were excluded by screening the title or abstract, leaving
ture search and selection process.



T
a
b
le

1

T
he

b
as

ic
ch

ar
ac

te
ri
st
ic
s
d
es

cr
ip
ti
o
n
o
f
in
cl
ud

ed
st
ud

ie
s.

Du
ra
tio

n
of

RA
,y

Th
er
ap
y

No
.o

f
pa
tie
nt
s

Ag
e

Ge
nd

er

St
ud
y

Co
un

tr
y

T
C

T
C

T
C

T
C

T
C

Ja
da
d
sc
or
e

Jo
an

M
cm

ee
ke
n
19
99

US
A

–
–

Qu
ad
ric
ep
s
st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

70
%
,
4
tim

es
/w
k,
40
–
80

m
in
,
24

w
ee
ks

Ro
ut
in
e
nu
rs
in
g

17
18

51
.4

49
.7

15
F

14
F

3

C.
H.
M
.
va
n
de
nE
nd
e
20
00

Ne
th
er
la
nd
s

8
7

Qu
ad
ric
ep
s
st
re
ng
th

tra
in
in
g
an
d
sh
ou
ld
er

st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

60
%
,

3
tim

es
/w
k,
15

m
in
,
4
w
ee
ks

RO
M

ex
er
ci
se

34
30

62
58

20
F

20
F

5

Hi
la
ry
G.

Fl
in
t-
W
ag
ne
r
20
09

US
A

11
.2
±
8.
9

15
.4
±
10
.8

Le
g
an
d
ar
m

st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

90
%
,
3
tim

es
/w
k,
75

m
in
,
16

w
ee
ks

Ro
ut
in
e
nu
rs
in
g

16
8

52
.2

49
–

–
4

L.
M
.B
ea
rn
e
20
02

UK
-

-
Qu
ad
ric
ep
s
st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

10
0%

,
2
tim

es
/w
k,
30
–
45

m
in
,
5

w
ee
ks

Ro
ut
in
e
nu
rs
in
g

47
46

–
–

–
–

5

Am
ir
I.
Bu
ljin
a
20
01

Bo
sn
ia
an
d

He
rz
eg
ov
in
a

5.
04

±
4.
80

5.
23

±
4.
89

Gr
ip
st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

85
%
,
7
tim

es
/w
k,
20
–
30

m
in
,
3

w
ee
ks

Ro
ut
in
e
nu
rs
in
g

50
50

47
.9
4

48
.4
6

38
F

37
F

3

A.
Ha
è
Kk
in
en

19
97

Fi
ne
la
nd

-
-

Qu
ad
ric
ep
s
st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

40
–
80
%
,
2–
3
tim

es
/w
k,
24

w
ee
ks

Ro
ut
in
e
nu
rs
in
g

21
18

41
.4

45
.6

–
–

3

Ar
ja
Ha
kk
in
en

20
01

Fi
ne
la
nd

10
8

Lu
m
ba
r,
le
g
an
d
ar
m

st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

50
–
70
%
,
2
tim

es
/w
k,

30
–
45

m
in
,
10
4
w
ee
ks

RO
M

ex
er
ci
se

31
31

49
49

18
F

20
F

4

An
dr
ew

B.
Le
m
m
ey

20
09

US
A

6.
17

±
6.
33

10
.4
2
±
8.
42

Le
g
an
d
ar
m

st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

80
%
,
2
tim

es
/w
k,
24

w
ee
ks

RO
M

ex
er
ci
se

13
15

55
.6

60
.6

11
F

12
F

4

C.
Bo
st
rÎm

19
98

Sw
ed
en

10
.5

(0
.3
–
27
)

7
(3
–
43
)

Sh
ou
ld
er

st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

30
%
,
3
tim

es
/w
k,
40
–
60

m
in
,
10

w
ee
ks

An
ae
ro
bi
c
ex
er
ci
se

20
17

56
59

–
–

3

Us
m
ar
y
S.

Si
qu
ei
ra

20
17

a
US
A

7.
7
±
2.
9

8.
5
±
4

La
nd
-b
as
ed

ae
ro
bi
c
gr
ou
p,

kn
ee
,
hi
p
an
d

lo
w
er

lim
br

st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

90
%
,
5–
30

m
in
,
3

tim
es
/w
k,
16

w
ee
ks

Ro
ut
in
e
nu
rs
in
g

33
34

54
53
.2

-
-

5

Us
m
ar
y
S.

Si
qu
ei
ra

20
17

b
US
A

9.
2
±
3.
1

8.
5
±
4

W
at
er
-b
as
ed

ae
ro
bi
c
gr
ou
p,

kn
ee
,
hi
p

an
d
lo
w
er

lim
br

st
re
ng
th

tra
in
in
g,

m
ax
im
um

lo
ad

90
%
,
5–
30

m
in
,
3

tim
es
/w
k,
16

w
ee
ks

Ro
ut
in
e
nu
rs
in
g

33
34

55
53
.2

-
-

5

Je
on
g-
Hu
n
Sh
in
20
15

Ko
re
a

10
.3
±
9.
4

15
.4
±
8.
0

Ar
m

an
d
le
g
st
re
ng
th

tra
in
in
g
(T
ai
Ch
i

ex
er
ci
se
),
1
tim

es
/w
k,
60

m
in
,
3

m
on
th
s

Ro
ut
in
e
nu
rs
in
g

29
14

64
62
.7

–
–

5

Su
sa
n
V.
Ba
xt
er

20
15

Ne
w
Ze
al
an
d

16
±
10
.9

11
±
11
.2

W
al
ki
ng

pr
og
ra
m
m
e

Ro
ut
in
e
nu
rs
in
g

11
22

66
.6

59
.4

–
–

3
La
ur
a
Du
rc
an

20
14

Ire
la
nd

-
-

W
al
ki
ng

pr
og
ra
m
m
e,
30
–
60

m
in
/d

Ro
ut
in
e
nu
rs
in
g

40
38

61
59

30
F

20
F

5
Ke
eg
an

Kn
itt
le
20
13

Ne
th
er
la
nd
s

-
-

-
-

38
40

60
.7

64
.7

30
F

22
F

3
Vi
ct
or
ia
L.
M
an
ni
ng

20
14

UK
1.
67

±
1.
50

1.
67

±
1.
58

-
-

52
56

53
57

44
F

38
F

3
An
to
ni
os

St
av
ro
po
ul
os
-K
al
in
og
lo
u

20
12

UK
5.
5
(3
.0
–
9.
7)

7.
0
(5
.0
–
10
.0
)

St
re
ng
th

tra
in
in
g,

3
tim

es
/w
k,

60
m
in
,
3–
6
m
on
th
s

Ro
ut
in
e
nu
rs
in
g

18
18

55
52
.8

14
F

14
F

3

An
dr
ew

B.
Le
m
m
e
20
12

UK
6.
85

±
7.
34

7.
89

±
7.
59

-
-

9
9

55
.7

59
.4

8F
6F

3

Wen and Chai Medicine (2021) 100:13 www.md-journal.com

3

http://www.md-journal.com


Figure 2. Forest plot of changes in DAS-28 in the resistance exercise group and the control group. DAS-28=disease activity score in 28 joints.
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62 articles for further evaluation. After obtaining and thoroughly
reviewing the complete manuscripts, 45 articles did not meet the
inclusion criteria because they were non-RCTs (8), they were
theoretical or economic studies (14), they had no clinical
outcomes (10), and the intervention was not qualified (13). At
last, 17 RCTs[11–28] were involved in the meta-analysis with 512
patients in the resistance exercise group and 498 patients in the
control group. The selection process is presented in Fig. 1.
The main characteristics of the included studies are summa-

rized in Table 1. The basic information included treatment,
country, age, and sex. The main Jadad score of the included
Figure 3. Forest plot of ESR in the resistance exercise group a

4

studies was 3.83, and the main score was higher than 3,
indicating high-quality of the 17 included RCTs.
3.2. DAS-28

Eight studies with 252 patients in the resistance exercise group
and 241 patients in the control group reported DAS-28 changes.
Based on the Chi-squared test P-value of= .000< .05 and I2 test-
value=88.5%>50%, we chose the random effects model to
analyze changes in DAS-28. The pooled results showed that
compared with the control group, resistance exercise significantly
nd the control group. ESR=erythrocyte sedimentation rate.



Figure 4. Forest plot of VAS score in the resistance exercise group and the control group. VAS=visual analog scale.

Wen and Chai Medicine (2021) 100:13 www.md-journal.com
decreased DAS-28 score (standard mean difference [SMD]: –

0.69, 95% CI: –1.26 to –0.11, Fig. 2).

3.3. ESR

Six studies with 178 patients in the resistance exercise group and
158 patients in the control group reported ESR changes. Based on
the Chi-squared test P-value of= .000< .05 and I2 tests-value=
90.7%>50%, we chose the random effects model to analyze
Figure 5. Forest plot of HAQ in the resistance exercise group an

5

changes in ESR. The pooled results showed that the ESR score
was significantly decreased by resistance exercise versus the
control group (SMD: –0.86, 95% CI: –1.65 to –0.07, Fig. 3).

3.4. VAS score

Six studies with 159 patients in the resistance exercise group and
159 patients in the control group reported changes in VAS scores.
Based on the Chi-squared test P-value of= .000< .05 and I2 tests-
d the control group. HAQ=health assessment questionnaire.

http://www.md-journal.com


Figure 7. Funnel plot of studies included in the meta-analysis.

Figure 6. Forest plot of 50 ft. walking test in the resistance exercise group and the control group.

Wen and Chai Medicine (2021) 100:13 Medicine
value=92.1%>50%, we chose the random effects model to
analyze changes in VAS scores. The pooled results showed no
significant difference in VAS scores after the intervention between
the 2 groups (SMD: –0.61, 95% CI: –1.49–0.27, Fig. 4).

3.5. HAQ

Thirteen studies with 380 patients in the resistance exercise group
and 365 patients in the control group reported HAQ changes.
Based on the Chi-squared test P-value of=0.000<0.05 and I2

tests-value=84.8%>50%, we chose the random effects model
to analyze changes in HAQ. The pooled results showed no
significant difference inHAQ score after the intervention between
the 2 groups (weighted mean difference [WMD]: –0.10, 95% CI:
–0.26–0.06, Fig. 5).

3.6. 50ft. walking test

Four studies with 72 patients in the resistance exercise group and
62 patients in the control group reported changes in the 50ft.
walking test. Based on the Chi-square test P-value of= .392> .05
and I2 tests-value=0.0%<50%,we chose the fixed effects model
to analyze the 50ft. walking test. The pooled results showed that
compared with the control group, resistance exercise significantly
decreased the time of 50ft. walking (SMD: –0.64, 95% CI: –0.99
to –0.28, Fig. 6).

3.7. Quality assessment and potential bias

Based on the inclusion and exclusion criteria, 17 articles were
included in the meta-analysis. Quality assessment and potential
bias were assessed by funnel plot, Begg andMazumdar rank test,
and Egger test. The funnel plot for log WMD in HAQ of the
included studies was notably symmetrical, suggesting no
significant publication bias (Fig. 7). In addition, significant
symmetry was detected by Begg and Mazumdar rank test (Z=
0.67, P= .502). However, the Egger test result showed no
significant publication bias (P= .784).
6

4. Discussion

In previous similar studies, Baillet et al[29] found that resistance
exercises significantly improved isokinetic strength, isometric
strength, grip strength, and HAQ. Exercise also had a positive
effect on the 50-foot walking test and ESR. Withdrawals (RR=
0.95, 95%CI 0.61, 1.48) and adverse events (RR=1.08, 95%CI
0.72, 1.63) were well balanced in both groups. Patient and
exercise characteristics did not influence the results. Wang
et al[30] include 13 studies, found that functional exercises could
delay the development of the disease activity of RA patients
(MD=–0.76; 95% CI: –1.13, –0.38), improve the joint function
(MD=0.36; 95% CI: –0.47, –0.24), alleviate the pain of joints
(MD=–1.75; 95% CI: –1.98, –1.53), and reduce the duration of
morning stiffness (MD=–17.65; 95% CI: –22.09, –13.21).
Sieczkowska et al[31] included 29 studies, indicated that resistance
training improves the general health-related quality of life (HR-
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QoL), the physical role functioning, physical functioning, social
aspects, and body pain compared with control group.
In our study, we included 17 RCTs with the main Jadad score

of 3.83. Compared with the general nursing or non-aerobic
exercise, resistance exercise significantly decreased DAS-28
scores (SMD: –0.69, 95% CI: –1.26 to –0.11), reduced ESR
(SMD: –0.86, 95%CI: –1.65 to –0.07), and shortened the time of
50ft. walking (SMD: –0.64, 95% CI: –0.99 to –0.28). No
significant difference was observed in VAS scores (SMD: –0.61,
95% CI: –1.49–0.27) and HAQ scores (WMD: –0.10, 95% CI: –
0.26–0.06). The conclusion about ESR and the time of 50ft.
walking was consistented with the previous meta-analysis.
Some advantages of the present meta-analysis are as follows:

this systemic review findings might be more convincing than any
individual study among all included RCTs because the effect of
resistance exercise in patients with RA was quantitatively
determined using pooled large sample size; this meta-analysis
provided evidence for the effects of resistance exercise; the strict
inclusion and exclusion criterion were used to select eligible
studies; all the data were analyzed by standard statistical analysis
to make sure the results were accuracy.
However, there are some limitations should be attention in this

analysis. The limitations are as follows: only randomized
controlled trials were included; differences in the inclusion
criteria and exclusion criteria for patients; different patients with
previous disease and treatments were unavailable; most trials
with low quality and low Jadad score were included in our study;
the frequency, maximum load, and duration of resistance
exercise were various; pooled date were used for analysis, and
individual patients’ data were unavailable, so it limited us to
make more comprehensive analysis.
Based on the available evidence, our meta-analysis demonstrat-

ed that compared with the control group, resistance exercise could
significantly reduce DAS-28 scores, ESR scores, and the time of 50
ft. walking in patients with RA. Thus, further high-quality studies
with lager sample sizes and longer follow-up duration are needed
to confirm the results of our meta-analysis. In future study,
researchers can explore the relationship between intensity and
frequency of resistance exercise and outcomes of RA.
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