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Abstract

Background: Rheumatoid arthritis (RA) is an immune-mediated inflammatory disease. Antirheumatoid
treatment reduces disease activity and inflammation, but not all patients respond to treatment. Autonomic
dysfunction is common in RA leading to frequent cardiovascular complications. Yoga therapy may be useful in
these patients, but there are little data on the effect of yoga on disease activity, inflammatory markers, and heart
rate variability (HRV).

Objectives: This study assessed the effect of 12-week yoga therapy on disease activity, inflammatory
markers, and HRV in patients with RA.

Materials and Methods: This randomized control trial was conducted on newly diagnosed RA patients
attending outpatient services at the Department of Clinical Immunology, JIPMER. One hundred and sixty-six
participants were randomized into two groups: the control group (CG) (n = 83) and yoga group (YG) (n = 83).
Yoga therapy was administered to participants in the YG for 12 weeks, along with standard medical treatment.
The CG received only standard medical treatment. Primary outcomes were disease activity score 28,
interleukin-1a (IL-1a), IL-6, tumor necrosis factor-a (TNF-a), cortisol, and HRV parameters. All parameters
were measured at baseline and after 12 weeks.

Results: Disease activity significantly decreased in both groups after 12 weeks, but it was reduced more in YG,
which was statistically significant ( p < 0.05). In both YG and CG, IL-1a, IL-6, TNF-a, and cortisol decreased after 12
weeks, but IL-1a and cortisol decreased more significantly in YG than in CG. Low-frequency component expressed
as normalized unit (LFnu) and the low-frequency/high-frequency (LF-HF) ratio decreased significantly, and total
power and HF component expressed as normalized unit (HFnu) increased significantly in the YG compared with CG.

Conclusion: Twelve-week yoga therapy, if given along with standard medical treatment, significantly re-
duces disease activity and improves sympathovagal balance in RA patients.
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Introduction

Rheumatoid arthritis (RA) is common throughout the
world with a prevalence of *0.5%–1%.1,2 In India, the

prevalence is around 0.7%.3 RA is more common in women
than men. Pharmacologic treatments have improved joint
pain, swelling, inflammation, disease activity, and quality of

life in the patients of RA. However, not all patients respond
effectively to pharmacologic treatment.4

Incidences of cardiovascular (CV) morbidity and mor-
tality have been reported to be higher in RA patients than in
the general population.5,6 Cardiac autonomic neuropathy is
one of the most common complications of RA and is as-
sociated with high mortality resulting from arrhythmia and
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myocardial infarction.7,8 In previous studies, CV autonomic
dysfunction has been reported to be around 61%–75% in
RA patients.9 Furthermore, there was overactivity of the
sympathetic nervous system and underactivity of the para-
sympathetic nervous system.10 Some studies have reported
that increased sympathetic activity stimulates the secretion
of tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6)
and impacts inflammation.11–13 Other studies observed no
such CV autonomic dysfunction in RA.14 There is paucity
of data on the study of sympathetic and parasympathetic
activity in RA patients. Heart rate variability (HRV) is the
normal phenomenon of beat to beat variation in the cardiac
cycle length observed in an innervated heart due to auto-
nomic influences on the sinoatrial node.15,16 HRV is an
established and accepted predictor of CV events17 and
mortality.18,19

IL-1, IL-6, and TNF-a are the prime cytokines that drive
the inflammatory process in RA.20 Other reports suggest
that IL-1 and TNF-a regulate the expression of adhesion
molecules in endothelial cells leading to endothelial dys-
function and an increase in CV atherosclerosis and CV
disease events.21 Furthermore, IL-1 and TNF-a stimulate
the recruitment of neutrophils into the joints leading to
joint damage.22

Yoga consists of a series of mind/body techniques, in-
cluding breathing practices, physical postures, and medita-
tion, which are beneficial in healthy subjects as well as those
suffering from autoimmune disorders such as RA and os-
teoarthritis. A randomized-controlled trial (RCT) involving
RA patients by Zautra et al.23 reported that meditation re-
duced daily pain, depression, joint tenderness, and IL-6.
Another RCT by Evans et al.24 from the United States
compared a 6-week Iyengar yoga intervention twice weekly
with usual care and found a significant decrease in pain
disability, but no difference in disease activity. Other studies
conducted on RA patients reported improvements in disease
activity,25 hand grip strength,26 and improvements in psy-
chologic distress and well-being.27 However, some studies
reported no improvement in either disease activity27 or
cortisol levels.28 This study, therefore, set out to assess the
effect of 12 weeks of yoga in patients with RA on disease
activity, inflammatory markers, and HRV parameters.

Materials and Methods

The study was conducted at the Department of Physiol-
ogy, Jawaharlal Institute of Postgraduate Medical Education
& Research ( JIPMER), Puducherry, India. It was approved
by the JIPMER Scientific Advisory Committee and Institute
Ethics Committee before its commencement, and was reg-
istered in the Clinical Trials Registry- India (registration
number CTRI/2017/07/009132).

Participants

Inclusion criteria. RA patients (diagnosis of RA made
as per 2010 ACR/EULAR criteria)29 of both genders, ages
between 30 and 60 years, with nondeforming disease du-
ration of <3 years, and on stable doses of disease modi-
fying antirheumatic drugs (single or combination therapy)
with low, moderate, and high disease activity (as per dis-
ease activity score [DAS 28] criteria),30 were included in
the study.

Exclusion criteria. RA patients with diabetes mellitus;
uncontrolled hypertension; any other neuromuscular or au-
toimmune disorder; history of alcoholism or drug abuse; and
history of yoga therapy or any other biofeedback techniques
were excluded from the study.

Sample size

The sample size estimations were done by OpenEpi (open
source software for epidemiologic statistics) using the sta-
tistical formula for comparing two independent means. The
minimum expected difference in DAS 28 between the groups
is 0.625 with standard deviation (SD) of 1.2. The sample size
was estimated for 5% level of significance and 80% power,
yielding 75 patients in both the yoga group (YG) and control
group (CG), allowing for a 15% dropout rate.

Design and procedures

RA patients fulfilling inclusion and exclusion criteria
were recruited from the Department of Clinical Im-
munology, JIPMER. Written informed consent was obtained
from all the participants before initiation of the study. After
recruiting participants, baseline assessments of disease activ-
ity and short-term HRV were done. Blood samples were col-
lected for IL-1a, IL-6, TNF-a, and cortisol. Then, subjects
were randomized to the YG or CG by a computer-generated
simple randomization method. Allocation concealment was
done using opaque sealed envelopes. An investigator not
involved in data collection prepared the assignments in the
sealed envelopes, which were then given to participants fol-
lowing the completion of baseline testing. CG partici-
pants were given the option of joining yoga sessions after a
waitlist period of 3 months.

YG participants underwent yoga therapy for 12 weeks
(30 min, 3 times/week), administered in the Advanced Centre
for Yoga Therapy, Education & Research (ACYTER), JIP-
MER, by qualified and experienced yoga instructors as per
the yoga therapy schedule (Table 1). During the days when
YG participants were not attending yoga sessions, they were
advised to practice at home. YG participants were monitored
by phone contact during their home practice. Yoga therapy
initially consisted of warming up, sukshma vyayama, a few
asanas, pranayama, and dhyana (meditation). That was in-
creased to include all the asanas and pranayamas in the yoga
therapy schedule when the participants were sufficiently
trained in yoga practice. Both YG and CG continued with
their standard medical treatment and drugs as prescribed by
the department of clinical immunology. After 12 weeks, all
the parameters were measured again.

Study assessments

Demographics, anthropometric and blood pressure mea-
surements. Demographic and clinical information (i.e.,
participant’s age, duration of disease) was obtained from the
patient or from medical records at the time of entry into the
trial. Body weight, height, and blood pressure were mea-
sured for all participants.

DAS 28 measurement. DAS 28 was measured by re-
cording 28 tender joint counts, 28 swollen joint counts, pa-
tient global assessment, and erythrocyte sedimentation rate.30
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Recording and analysis of HRV. The HRV recording
and analysis were performed as per the standard procedures
recommended by the task force on HRV.15 Using Kubios
HRV (version 3.0., Bio-signal analysis group, University of
Kuopio, Finland), the authors analyzed the frequency do-
main and time domain components of HRV. Frequency
domain indices such as total power (TP) were measured in
milliseconds squared (ms2), low-frequency (LF) component
expressed as normalized unit (LFnu), high-frequency (HF)
component expressed as normalized unit (HFnu), and
LF/HF as a ratio (the ratio between LFnu and HFnu). Time
domain indices, such as mean RR, square root of the mean
squared differences of successive normal to normal intervals
(RMSSD), standard deviation of normal to normal interval
(SDNN), the number of interval differences of successive
NN intervals greater than 50 ms (NN50), and the proportion
derived by dividing NN50 by the total number of NN in-
tervals (pNN50), were recorded.

Estimation of IL-1a, IL-6, TNF-a, and cortisol. Under
aseptic precautions, 5-mL venous blood samples were col-
lected between 7.30 and 8.30 am at both baseline and after 12
weeks for all participants. The blood samples were allowed to
clot for ‡30 min, then centrifuged, and then the serum was
collected. Serum samples were then aliquoted and stored at
-80�C until used for ELISA. Serum concentrations of IL-1a
were measured by ELISA with commercial kits from
Bioassay Technology laboratory (Korain Biotech Co., Ltd.,
Shanghai, China) and Diaclone SAS (France). Serum IL-6
and TNF-a were measured by ELISA with commercial kits
from Bioassay Technology laboratory (Korain Biotech Co.,
Ltd.). Serum cortisol was measured by Calbiotech, Inc. (CA).

Statistical analyses

Statistical analyses were performed using Statistical
Package for Social Sciences 19 (IBM SPSS Statistics for

Windows, Version 19.0.; IBM Corp., Armonk, NY). The
data, such as demographic characteristics, disease activity,
IL-1a, IL-6, TNF-a, cortisol, and HRV parameters, are ex-
pressed as mean – SD. Paired-samples t-test was used to
compare the means between baseline and after 12 weeks
within the groups. Comparison of disease activity, IL-1a,
IL-6, TNF-a, cortisol, and HRV parameters between the
groups was carried out using independent Student’s t-test.
Analyses of covariance, with baseline values as a covariate,
were used to compare differences between groups after 12
weeks. All the statistical analyses were carried out at 5%
level of significance, and so, p-values <0.05 were considered
statistically significant.

Results

The participant disposition as per CONSORT guidelines
is shown in Figure 1. One hundred and sixty-six RA patients
were recruited and randomized into the YG (n = 83) and CG
(n = 83). Sixty-eight YG and 75 CG participants completed
the 12-week follow-up. Participants in the YG were 63 fe-
male participants (92.64%) and 5 male participants (7.35%),
and participants in CG were 68 female participants
(90.66%) and 7 male participants (9.33%). Participants were
South Indian Tamil with a mean age of 41.33 years in YG
and 42.59 years in CG. No significant differences were
noted between the two groups in the parameters of age, body
mass index (BMI), heart rate (HR), systolic blood pressure
(SBP), and diastolic blood pressure (DBP) at baseline
(Table 2). BMI, HR, SBP, and DBP were reduced signifi-
cantly in the YG after 12 weeks compared with CG.

Reduction in disease activity (DAS 28) was statistically
significant in both the groups (Table 3) in comparison with
baseline values, but the decrease in disease activity was
more in the YG compared with the CG; the difference was
statistically significant (p < 0.001). The authors found that
after 12 weeks of yoga therapy, levels of IL-1a and cortisol

Table 1. Details of Yoga Therapy Intervention

S. No. Asanas and pranayama Duration

1 Warming up 2 Min
2 Sukshma vyayama 9 Min

(1) Purna-bhuja- sakti-vikasaka (exercising muscles controlling the arms)
(2) Mani-bandha- sakti-vikasaka (exercising muscles controlling the wrists)
(3) Kara-tala- sakti-vikasaka (exercising muscles controlling the palms)
(4) Janu- sakti-vikasaka (exercising muscles controlling the knees)
(5) Gulpha-pada-prstha-pada-tala- sakti-vikasaka
(exercising muscles controlling the ankles and feet)

3 Yogasanas 8 Min
(1) Tadasana (mountain pose)
(2) Katichakrasana (lateral arc pose)
(3) Konasana (angle pose)
(4) Urdhwa hastottanasana (upstretched arms posture)
(5) Pavanamuktasana (wind removing pose)
(6) Bhujangasana (cobra pose)
(7) Shavasana (corpse pose, palms up)

4 Pranayama 6 Min
(1) Nadishodhana pranayama (alternate nostril breathing)
(2) Chandrabhedi pranayama (left nostril breathing)
(3) Bhramari (humming bee breathing)

5 Dhyana (AUM chanting meditation, i.e., AUM Japa) 5 Min
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reduced more in YG than in CG, that difference also being
statistically significant.

Variables of frequency domain indices such as LF, HF,
TP, LFnu, HFnu, and LF: HF ratio (Table 4) showed no
significant differences ( p > 0.05) at the baseline. When
comparing the two groups after 12 weeks of yoga therapy,
TP and HFnu increased more in the YG than the CG, the
difference was statistically significant. LFnu and LF: HF
ratio reduced more in the YG than the CG, again statistically
significant. In comparison with CG, YG showed significant
improvement in mean RR, RMSSD, SDNN, NN50, and
pNN50 parameters.

Discussion

The study presents novel data regarding the effect of
12-week yoga therapy on disease activity, markers of in-
flammation, cortisol, and HRV in the patients of RA.

Disease activity was significantly reduced in both YG and
CG of RA patients after 12 weeks, but the reduction in
disease activity was more in the YG after 12 weeks of yoga
therapy compared with CG, which was statistically signifi-
cant. This finding is consistent with the findings of Badsha
et al.,25 who reported reduction in the counts of tender and
swollen joints and disease activity after 8 weeks of yoga

FIG. 1. Study CONSORT
(Consolidated Standards of
Reporting Trials) flow dia-
gram showing participant
flow through each stage of
the randomized-controlled
trial (enrollment, intervention
allocation, follow-up, and
data analysis).

Table 2. Age, Body Mass Index, Blood Pressure at Baseline and After 12 Weeks

in Yoga Group and Control Group

Variable Group (n) Baseline
After

12 weeks
p (baseline vs.

12 weeks)
p (between groups)

at baseline
p (between groups)

after 12 weeks

Age (years) YG (68) 41.33 – 9.51 — — 0.452 —
CG (75) 42.59 – 7.1 — —

BMI (kg/m2) YG (68) 24.76 – 4.15 23.62 – 3.01 0.000 0.307 0.000
CG (75) 24.07 – 3.93 23.92 – 3.74 0.305

HR (per min) YG (68) 85.4 – 8.3 73.88 – 6.55 0.000 0.475 0.000
CG (75) 86.52 – 10.02 81.31 – 8.72 0.000

SBP (mmHg) YG (68) 117.44 – 10.28 110.06 – 7.56 0.000 0.597 0.000
CG (75) 116.6 – 8.67 113.72 – 6.95 0.000

DBP (mmHg) YG (68) 74.78 – 11.2 71.68 – 5.93 0.011 0.922 0.002
CG (75) 74.93 – 7.17 74.2 – 6.2 0.09

The values are expressed as mean – SD. The p-values <0.05 were considered statistically significant.
BMI, body mass index; CG, control group; DBP, diastolic blood pressure; HR, heart rate; SD, standard deviation; SBP, systolic blood

pressure; YG, yoga group.
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therapy. Evans et al.24 reported significant improvement in
quality of life in the YG, but no significant difference was
seen in disease activity in the YG compared with the CG in
their study. This difference may be due to duration of yoga
therapy given to the RA patients.

Results of the present study demonstrated that IL-1a
and cortisol were reduced significantly in the YG com-
pared with the CG. The levels of IL-6 and TNF-a de-
creased in both groups, but in the YG, reduction was more.
These findings are in accordance with findings of the

previous studies, which have reported decreases in in-
flammatory markers such as IL-6,31 TNF-a,32 and corti-
sol33 after yoga practice.

In the present study, HR, SBP, and DBP decreased sig-
nificantly in patients of YG compared wiht CG. These are in
accordance with Singh et al.,34 who reported that reduction
in HR, SBP, and DBP was more in YG when compared with
CG in RA patients. Previous studies of yoga treatment in
hypertensive patients also reported the reduction of SBP and
DBP.35–37 Earlier studies have shown that yoga practices,

Table 3. Disease Activity, Inflammatory Markers, and Cortisol at Baseline

and After 12 Weeks in Yoga Group and Control Group

Variable Group (n) Baseline
After

12 weeks
p (baseline vs.

12 weeks)
p (between groups)

at baseline
p (between groups)

after 12 weeks

DAS 28 YG 4.95 – 0.74 2.99 – 0.78 0.000 0.128 0.000
CG 4.77 – 0.62 3.49 – 0.78

Interleukin 1a (pg/mL) YG 11.97 – 20.4 6.02 – 5.31 0.018 0.839 0.017
CG 12.58 – 15.4 9.39 – 10.28 0.97

Interleukin 6 (ng/L) YG 114.91 – 66.98 60.42 – 62.82 0.000 0.838 0.139
CG 112.69 – 62.72 79.35 – 84.25 0.008

TNF-a (pg/mL) YG 91.7 – 71.8 61.05 – 46.84 0.001 0.708 0.098
CG 96.7 – 81.09 76.6 – 60.88 0.044

Cortisol (ng/mL) YG 132.85 – 67.92 88.8 – 61.8 0.001 0.896 0.006
CG 134.61 – 89.05 119.7 – 70.37 0.239

The values are expressed as mean – SD. The p-values <0.05 were considered statistically significant.
DAS 28, disease activity score 28; SD, standard deviation; TNF-a, tumor necrosis factor-a.

Table 4. Frequency Domain Indices and Time Domain Indices of Heart Rate Variability

at Baseline and After 12 Weeks in Yoga Group and Control Group

Variable Group (n) Baseline After 12 weeks

p (baseline vs.
12 weeks)

within groups

p (between
groups)

at baseline

p (between
groups)

after 12 weeks

LF (ms2) YG 224 – 251.54 261.56 – 242.33 0.000 0.838 0.47
CG 203.88 – 210.34 233.44 – 228.98 0.047

HF (ms2) YG 146.79 – 170.56 254.54 – 264.39 0.004 0.961 0.019
CG 135.96 – 185.10 166.11 – 176.26 0.451

TP (ms2) YG 402.04 – 411.70 588.5 – 460.99 0.005 0.99 0.021
CG 401.13 – 411.93 425.59 – 377.33 0.703

LFnu YG 63.26 – 13.72 51.95 – 10.31 0.000 0.816 0.000
CG 63.75 – 11.67 60.40 – 11.86 0.000

HFnu YG 36.31 – 13.63 47.66 – 10.27 0.000 0.944 0.000
CG 36.16 – 12.75 39.46 – 11.97 0.002

LF: HF ratio YG 2.16 – 1.29 1.17 – 0.48 0.000 0.574 0.000
CG 2.05 – 0.96 1.76 – 0.83 0.000

Mean RR (ms) YG 731.96 – 103.51 770.44 – 101.38 0.04 0.948 0.032
CG 733.14 – 110.25 744.63 – 95.91 0.929

RMSSD (ms) YG 22.61 – 16.67 34.08 – 20.69 0.001 0.116 0.006
CG 25.78 – 16.98 27.87 – 22.66 0.082

SDNN (ms) YG 20.93 – 10.56 31.85 – 16.39 0.000 0.494 0.000
CG 19.61 – 12.36 22.91 – 10.84 0.092

NN50 YG 14.54 – 24.87 21.29 – 33.35 0.186 0.263 0.033
CG 10.17 – 21.59 11.66 – 18.74 0.648

pNN50 (%) YG 3.78 – 6.68 5.5 – 8.88 0.209 0.38 0.041
CG 2.87 – 6.52 2.99 – 5.37 0.827

The values are expressed as mean – SD. The p-values <0.05 were considered statistically significant.
HF, high frequency; HFnu, normalized high-frequency component; LF, low frequency; LF/HF, ratio of the low-frequency component to

the high-frequency component of HRV; LFnu, normalized low-frequency component; mean RR, mean-RR interval; NN50, number of
interval differences of successive NN intervals greater than 50 ms; pNN50, proportion derived by dividing NN50 by the total number of NN
interval; RMSSD, the square root of the mean of the sum of the squares of differences between adjacent NN intervals; SDNN, standard
deviation of the averages of NN intervals in all 5-min segments of the entire recording; TP, total power.
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including meditation, pranayamas, and asanas, significantly
reduce the levels of SBP and DBP.38,39

The LF: HF ratio, a measure of sympathovagal bal-
ance,15,40 was increased in both YG and CG at baseline
compared with normal10 due to increased sympathetic and
decreased parasympathetic activity in RA. LFnu, which
reflects cardiac sympathetic drive,15,40 was increased in both
YG and CG at baseline compared with normal levels,10

which further demonstrates increased sympathetic activity
in these patients. HFnu, which reflects vagal activity, was
decreased in both groups at baseline compared with normal
levels,10 which indicates reduced parasympathetic activity.
This was further confirmed by low levels of baseline
RMSSD and SDNN, also reflecting decreased vagal
tone15,40 at baseline. These results are consistent with those
of the study by Evrengül et al.41 that reported increased
sympathetic activity in the patients of RA, causing ven-
tricular tachyarrhythmia, which may be related to the higher
incidence of sudden death in these patients. It has been
suggested that increased sympathetic activity causes proin-
flammatory effects42,43 and increases the secretion of in-
flammatory markers such as IL-1 and Il-6.

In this study, reduction of LF: HF ratio and LFnu was more in
the YG compared with CG. Furthermore, HFnu increased
significantly in the YG compared with CG after 12 weeks.
These findings are in conformity with the findings of a previous
study by Krishna et al.,44 who reported decreased LF: HF ratio
and LFnu, and increased HFnu after 12 weeks of yoga therapy
in heart failure patients. RMSSD and SDNN increased more in
YG compared with CG after yoga therapy, which represents
vagal tone was increased more in YG than CG.

Thus, a 12-week yoga therapy as an adjunct to standard
medical treatment resulted in a significant decrease in the HR,
BP, LFnu, and LF/HF ratio, and an increase in HFnu, RMSSD,
and SDNN. This represents an overall shift toward parasym-
pathetic predominance as a result of reduction in sympathetic
activity and improvement in parasympathetic activity.

Strengths of this study are as follows: the use of inflam-
matory markers and parameters of HRV in evaluating the
efficacy of yoga, while previous studies were based mainly
on questionnaires. Sample size, duration of yoga therapy,
and inclusion of RA patients with disease duration <3 years
also are some of the additional strengths of this study.

Limitations of this study are as follows: observations were
taken only at baseline and after 3 months; because the funding
was limited, the authors had to restrict their observations at
baseline and after 3 months. More time points would have
been better. They could not assess the long-term effects of
yoga therapy for 6 months or more since compliance posed a
major hurdle. Nor could they assess markers such as neuro-
peptide Y, adrenaline, and noradrenaline. Another limitation
was that patients with low-to-severe disease activity were
included in the study. Subgroup analysis of low, moderate,
and severe disease activity patients was not done because it
was underpowered to detect the difference (more patients
needed in each subgroup), this may be done in future studies.

Conclusion

Since yoga therapy proved to be beneficial for RA pa-
tients due to reduction in disease activity, IL-1a, cortisol
levels, and improvement in sympathovagal balance, appro-

priate yoga therapy can be given to RA patients as an ad-
junct to standard medical treatment.

Acknowledgments

Participants who volunteered to participate in this study
are sincerely acknowledged. The authors extend their sin-
cere thanks to ACYTER, JIPMER, for providing yoga
therapy to the RA patients.

Author Disclosure Statement

No competing financial interests exist.

Funding Information

This study was funded by Intramural Ph.D. research grant
(JIP/Res/Intra-Ph.D/phs1/01/2015-18) of Jawaharlal In-
stitute of Postgraduate Medical Education and Research

References

1. Carmona L, Cross M, Williams B, et al. Rheumatoid ar-
thritis. Best Practice Res Clin Rheumatol 2010;24:733–745.

2. Scott DL, Wolfe F, Huizinga TW. Rheumatoid arthritis.
Lancet 2010;376:1094–1108.

3. Malaviya AN, Kapoor SK, Singh RR, et al. Prevalence of
rheumatoid arthritis in the adult Indian population. Rheu-
matol Int 1993;13:131–134.

4. Daul P, Grisanti J. Monitoring response to therapy in
rheumatoid arthritis—Perspectives from the clinic. Bull
NYU Hosp Jt Dis 2009;67:236–242.

5. Amaya-Amaya J, Montoya-Sánchez L, Rojas-Villarraga
A. Cardiovascular involvement in autoimmune diseases.
Biomed Res Int 2014;2014:367359.

6. Wright K, Crowson CS, Gabriel SE. Cardiovascular co-
morbidity in rheumatic diseases: A focus on heart failure.
Heart Fail Clin 2014;10:339–352.

7. Mutru O, Laakso M, Isomaki H, Koota K. Ten year mor-
tality and causes of death in patients with rheumatoid ar-
thritis. Br Med J (Clin Res Ed) 1985;290:1797–1799.

8. Prior P, Symmons DP, Scott DL, et al. Cause of death in
rheumatoid arthritis. Br J Rheumatol 1984;23:92–99.

9. Stojanovich L, Milovanovich B, de Luka SR, et al. Cardi-
ovascular autonomic dysfunction in systemic lupus, rheu-
matoid arthritis, primary Sjögren syndrome and other
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