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Objectives: This study evaluates the effects of combining aerobic running and anaerobic 
Pilates exercises to reduce fatigue improve cardiovascular and muscular fitness, and enhance 
the quality of life (QoL) in systemic lupus erythematosus (SLE) patients.

Methods: A total of 19 SLE patients with index SLE disease activity index (SLEDAI) scores 
≤4 were randomly assigned into an intervention group (n=10), undertaking the combined 
exercise program, and a control group (n=9), undertaking normal activities of daily living only. 
The combined exercise program lasted 8 weeks and consisted of three 1-h weekly sessions. In 
both groups, functional capacity, cardiovascular fitness, muscle endurance capacity and QoL 
were assessed before and following the programmed activity or ADL only. The data were 
analyzed by the SPSS software, version 18 at the significance level of 0.05.

Results: The results confirm that this combined exercise program provides significant benefits 
over activities of daily living concerning pre-test and post-test difference scores for functional 
capacity (VO2peak 1.86±1.45 vs -0.95±1.43 mL/min/kg, P<0.01). Significant benefits were 
also observed for the number of sit-ups achieved (11.30±9.91 vs 0.5±1.06, P<0.01), sit and 
reach improvements (6.92±5.09 vs 0.5±0.92 cm, P<0.05), subjective fatigue (-3.38±5.59 
vs 1.75±1.48, P<0.05), and regarding the overall mean of summed QoL subscales scores 
(10.80±4.90 vs 0.06±1.56).

Discussion: Combining aerobic and anaerobic exercises can mitigate subjective fatigue and 
significantly improve functional capacity, myocardial metabolism, muscular endurance, 
flexibility, and QoL in SLE patients.
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Highlights 

● Anaerobic (delivered by Pilates) and aerobic exercise reduce fatigue in systemic lupus erythematous (SLE) patients.

● This study emphasized the importance of combined aerobic and anaerobic exercise in improving quality of life 
(QoL). among SLE patients.

● Cardiovascular and muscular fitness can be improved in SLE patients by doing combined aerobic and anaerobic 
exercises.

Plain Language Summary 

Lupus disease affects the cardiovascular and muscular system, feeling fatigued, and QoL. Accordingly, concerning 
the results of the present study, combined aerobic and anaerobic exercise can improve cardiovascular and muscular 
fitness and QoL and mitigate fatigue in lupus patients.

Introduction

ystemic lupus erythematosus (SLE) is a 
serious autoimmune disease that can af-
fect many major organ systems [1, 2]. 
While less serious, reduced cardiovascular 
fitness and impaired muscular strength, 

endurance, and flexibility are all also common conse-
quences [2, 3]. Chronic generalized fatigue is similarly 
a frequent and troublesome complaint that affects some 
80% of patients [4]. These cardiovascular and muscu-
lar deficits, which would impair quality of life (QoL), 
reflect the adverse consequences of disease-related in-
volvement of pro-inflammatory cytokines, including IL-
6, IL-1 and IL-1b [5], which could all impact directly 
muscle function [6].

However, as these cardiovascular and musculoskel-
etal abnormalities can also occur in association with a 
disease-induced sedentary lifestyle, to cause further loss 
of skeletal and cardiac muscle fitness, a vicious cycle of 
functional disability, chronic fatigue, and reduced QoL 
may be generated, irrespective of SLE disease activity 
[2]. If such a cycle continues, a progressive decline in 
functional capacity would result and contribute to has-
tened cardiovascular complications unrelated to disease 
activity [2, 7, 8]. Other cardiovascular problems appar-
ent in SLE patients include a reduced ability to increase 
heart rates (HRs) commensurate with demand (i.e. an in-
competent chronoscopes reserve), a delayed HR recov-
ery (i.e. a prolonged elevation of HR following physical 
activity), and indicative of impoverished cardiovascular 
fitness [9-11].

Although many studies demonstrate that SLE is as-
sociated with poor cardiovascular and musculoskeletal 
fitness levels, none appear to have investigated the ef-
fects of non-pharmacological rehabilitation to overcome 
or reverse these deficits [2]. Hence, the effectiveness 
of exercise programs to reduce fatigue symptoms in 
SLE patients remains unclear [2]. Ramsey-Goldman et 
al. (2000) indicated that aerobic range of motion and 
muscle strengthening exercises appear safe and did not 
worsen SLE disease activity, and patients did show some 
improvements in fatigue, functional status, cardiovascu-
lar fitness, and muscle strength [12]. 

Assessment of the responses of these cardiovascular 
abnormalities to treatment by exercise regimes has been 
considerably limited, the results suggesting that outcomes 
relating to fatigue, functional status, cardiovascular fit-
ness, and muscle strength were similar whatever exer-
cise regime was used [13]. However, most of the activity 
protocols used in these previous studies utilized aerobic 
exercises only, i.e. with no resistance training component 
employed to improve muscle strength [7]. As muscle 
weakness and atrophy could contribute directly to re-
duced physical fitness and impoverished muscular endur-
ance [2] and thus an increased perception of fatigue, the 
inclusion of muscle strengthening exercises through resis-
tance training should also be contemplated for use in stud-
ies designed to reverse SLE-induced muscular deficits.

The need for this study is that SLE patients often expe-
rience fatigue, reduced cardiovascular and muscular fit-
ness, and decreased QoL. These symptoms can be exac-
erbated by the use of medications and the disease itself. 
Therefore, there is a need to identify safe and effective 
interventions that can improve these outcomes.

S
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Previous studies have shown that exercise can be ben-
eficial for SLE patients [14, 15], but there is limited re-
search on the effects of combined aerobic and anaerobic 
exercise. This article fills this gap by summarizing the 
existing literature and providing recommendations for 
exercise programs that can be tailored to individual pa-
tient needs. 

This original study was performed to evaluate the ef-
fects of a fitness regime combining aerobic and resis-
tance training exercises to reduce fatigue and improve 
cardiovascular fitness and QoL in SLE patients. The 
philosophical assumptions of this study are based on the 
principles of pragmatism and positivism. In this study, a 
pragmatic approach was taken by implementing a com-
bined exercise protocol and evaluating its effects on SLE 
patients. A positivist approach was taken by conducting 
the article and analyzing the results to conclude the ef-
fectiveness of combined aerobic and anaerobic exercise 
for SLE patients. 

Materials and Methods

This study utilized a pre-test-post-test design to evalu-
ate the effects of a combined aerobic and anaerobic exer-
cise program on fatigue, cardiovascular fitness and QoL 
in SLE patients. Patient selection adhered to the Ameri-
can College of Rheumatology (ACR) diagnostic criteria 
for SLE [16]. To ensure consistency, patients with SLE 
disease activity index (SLEDAI) scores exceeding 4 
were excluded. This criterion controlled disease severity 
and provided a comparable stage of the disease. SLEDAI 
scores were also used for stratification and matching to 
minimize potential confounding due to disease activity. 
Stratification was performed based on age and disease 
severity, followed by exact matching to pair participants 
in intervention and control groups. Randomization fur-
ther facilitated an equitable distribution of confounders, 
enhancing internal validity. Comprehensive exclusion 
criteria were established to account for potential inde-
pendent variables. Patients with concurrent systemic or 
rheumatic disorders affecting physical function, those en-
gaged in regular exercise, and subjects with mental health 
issues or severe cardiovascular disease were excluded 
[16, 17]. Cardiologists and rheumatologists evaluated 
cardiovascular fitness. To mitigate bias in self-reported 
QoL assessments, exercise interventions and outcome 
assessments were conducted separately. This minimized 
inadvertent influence on participants’ QoL perceptions 
due to participation in the exercise program. Insights 
from previous studies and expert consultations informed 
the exercise program’s design, ensuring balanced partici-
pants’ fitness levels and health status [12, 14, 15].

In summary, meticulous identification and control of 
intervening variables were paramount. Stratification, 
matching, randomization and exclusion criteria collec-
tively ensured methodological rigor. This systematic 
approach facilitated accurate evaluation of the exercise 
program’s effects on fatigue, cardiovascular fitness, and 
QoL, independent of confounding variables.

Pilot study 

Before the commencement of the main study, five of 
the recruited patients participated in a one-month pilot 
exercise program, to confirm the feasibility of using re-
sistance training exercise patterns in SLE patients. The 
intensity and type of endurance and sometimes anaero-
bic Pilates exercise activities were assessed to inform the 
design of the exercise training protocol to be used in the 
main study. Because of the generally poor fitness levels 
of lupus patients, including poor cardiovascular fitness, 
the exercise regime selected for the main study was a 
1-h-long exercise program combining aerobic and some-
times anaerobic activities, the latter made possible by us-
ing body weight as the resistive load during Pilates [18]. 
The patients used in the pilot study were not used in the 
main study. The 19 remaining patients were randomly 
assigned to participate in either a supervised exercise 
group, undertaking a program consisting of combined 
aerobic and sometimes anaerobic (Pilates) resistance 
training activities (the active group [n=10]), or to un-
dertake normal ADL-only (the control group [n=9]). All 
patients gave their written informed consent before their 
participation. 

Cardiovascular fitness assessments

Throughout this research, all cardiovascular assess-
ments were performed in the Imam Reza Hospital of 
Shiraz University of Medical Sciences, under the super-
vision of experienced cardiologists and specialist cardiac 
nurses. Assessments were undertaken on a Trackmaster 
stress-testing system (full vision USA treadmill tmx425). 
The protocol used to assess patients’ cardiovascular sta-
tus was a standard Bruce protocol undertaken up to the 
end of stage 3 (Table 1) [19]. Before each Bruce testing 
session, the patients were mandated to avoid caffeinated 
drinks, including tea, for 8-10 h. HR, blood pressure 
(BP), equal RPP (HR×BP) and 12 lead electrocardio-
grams were all assessed before, during and at 5 min after 
the Bruce protocol. The time of each exercise testing ses-
sion for each individual was between 15.00 and 18.00, 
to avoid heat and hydration issues. Assessments of car-
diovascular fitness used functional capacity (i.e. VO2peak) 
and HR recovery (HRR). The HRR values at 1, 2 and 3 
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min following cessation of the 9-min Bruce protocol (i.e. 
HRR1, HRR2 and HRR3) were obtained by subtracting 
the HR at 1, 2 and 3 min from the maximum HR during 
the Bruce protocol.

Muscular endurance and flexibility assessments 

Anterior abdominal wall muscular endurance was as-
sessed by counting the maximum number of sit-up re-
peats possible in one go, i.e. without time limits and rest 
stops. Meanwhile, muscular flexibility was assessed by 
the measured improvement in the sit and reach stretch 
test [20, 21].

Exercise training program

The combined activity program was an 8-week super-
vised exercise training that was performed for 1 h thrice 
weekly. Before and following each training session, an 
exercise physiologist or physiotherapist checked the pa-
tients’ HR and BP. In the first week the exercises were 
undertaken for about 40 min to allow acclimatization, 
but thereafter increased to a standard 60 min. Once fully 
initiated, each session of the exercise program consisted 
of 4 stages as follows: a) Warm-up for 10 min; b) Aerobic 
exercise program including 10 min cycling and 10 min 
running on a treadmill, both at an intensity of 50%-60% 
of maximum, as pre-determined in their previous VO-
2peak measurements; c) 20 min Pilates training using body 
weight as the resistive load (Table 2) and cool down for 
10 min. The Borg scale was used to assess patients’ per-
ception of effort during the aerobic exercises being used 
in stage B. During each session of this training program, 
the participants’ HRs were assessed by polar-frequency 
meter monitoring (polar Kempele, Finland) and patients 
were given verbal and visual feedback to enable them 
to accurately set their HR to the desired 50%-60% of 
maximum exercise intensity level, the latter as previ-
ously determined. 

QoL and fatigue assessments 

An SLE-specific questionnaire [22] was used to assess 
patients’ QoL, which has been translated into Persian, 
and its validity and reliability were confirmed [23, 24]. 
The questionnaire had 34 questions with 5 options based 
on the Likert scale. The purpose of the questions was to 
examine the effect of lupus disease on their life and the 
problems it caused in their life during the past month. A 
chronic fatigue syndrome (CFS)-specific questionnaire 
was used to assess subjective general fatigue levels [25], 
which has been translated into Persian, and its validity 
and reliability were confirmed as well [26]. The ques-

tionnaire had 10 questions with 4 options based on the 
Likert scale. The questionnaire was used to examine 
how the patients usually experience their complaints.

Statistical analysis 

The quantitative and qualitative data are presented as 
Mean±SD and frequency (percentage), respectively. To 
compare variables between and within groups, inde-
pendent and paired sample t-tests were used. The sig-
nificance level was set at P<0.05. All data were analyzed 
with SPSS software, version 19.

Results

As shown in Table 1, a comparison of baseline demo-
graphic variables demonstrated no significant differenc-
es between the control and the active exercise groups, 
and no differences were apparent regarding the drugs 
used by these groups (Table 2).

The results demonstrated that all of the tested cardio-
vascular variables were similar in the control, and active 
exercise patient groups before the active group under-
took the 8-week combined exercise program. However, 
following this program, there were clear and significant 
improvements in all of these variables in the active exer-
cise group, as summarized in Table 3. 

Accordingly, there were significant improvements in 
functional capacity, resting HR, maximum HR during 
the Bruce protocol, and HRs at the end of stages 1, 2 and 
3 of the protocol. There were also clear improvements in 
HRR and BP values at the end of stages 1-3 of the pro-
tocol. As a result, there were matched improvements in 
the RPP values at the end of Bruce stages 1-3 testing, as 
well as the maximum HR during stage 3 of the protocol.

The results of muscular endurance and flexibility as-
sessments demonstrated no differences between the con-
trol and the active patients before the combined activity 
program, or ADL only, commenced. However, following 
the activity program, clear and significant differences 
became apparent, with significant improvements seen in 
muscle endurance (more sit-ups) and flexibility (greater 
measured improvements in the sit and reach test) in the 
active versus control groups, as summarized in Table 4. 

Before the 8-week exercise program, or ADL only, 
there were no control/active group subjective fatigue 
differences detected by the use of a CFS-specific ques-
tionnaire, nor any QoL differences detected by a specific 
multi-domain questionnaire used for this purpose. Fol-
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Table 1. Demographic details of participants in the intervention and control groups

P
Mean±SD

Demographic Variables
Intervention (n=10)Control (n=9)

0.16039.00±13.19 31.50±5.52 Age (y)

0.1441.63±0.03 1.59±0.63Height (m) 

0.21567.70±14.82 60.33±9.06Weight (Kg) 

0.43525.51±5.95 23.71±3.31  BMI (m2/kg)

0.5508.55±4.79 9.33±3.70 Disease duration (y)

0.7461.45±0.52 1.37±0.51  SLEDAI score 

Abbreviations: BMI: Body mass index; SLEDAI: Systemic lupus erythematosus disease activity index.

Table 2. Medications used by study patients

No. (%)
Drugs/Supplements

Intervention (n=10)Control (n=9)

4(40)8(88)Prednisone ≥ 5 (mg/day)

8(80)6(66.7)Hydroxychloroquine ≥200 (mg/day)

2(20)3(33.3)Losartan

1(10)2(22.2)Atorvastatin

5(50)2(22.2)Folic acid/Fe 

3(30)2(22.2)Calcium supplements

mg: Milligram�

lowing the 8-week exercise program, or ADL only, there 
were clear improvements in both subjective fatigue and 
QoL in those patients who underwent the exercise pro-
gram, as summarized in Table 5 and Table 6.  

Discussion

The findings of this study indicated the combined aero-
bic endurance training and anaerobic Pilates resistance 
training used have produced apparent beneficial effects 
on reducing reported fatigue and enhancing cardiovas-
cular fitness (functional capacity, RPP, HRR2, HRR3), 
muscular endurance, flexibility and endurance capacity, 
and on QoL of the SLE patients tested. There were no 
recorded detrimental effects in the active exercise group. 
Given the very limited previous use of resistance exer-
cise training in SLE the current study assessed the effects 
of using weight to improve fatigue and muscle perfor-
mance. The use of Pilates training and utilizing body 

weight as the resistive load, in combination with aerobic 
endurance exercise, is the first time such activities have 
been employed to enhance cardiovascular and muscular 
performance in SLE patients. The results show that this 
combination has performed well in these respects, and 
if used over a prolonged period, would presumably im-
prove cardiovascular health and potentially prolong the 
life span in SLE patients. The reason behind implement-
ing a protocol consisting of both aerobic and anaerobic 
exercises is that it can provide a more comprehensive 
and effective approach to improving cardiovascular and 
muscular fitness in SLE patients. By combining both 
types of exercise, SLE patients may experience a more 
significant improvement in their overall fitness and QoL. 
Additionally, this type of exercise protocol can be tai-
lored to the individual needs and limitations of each pa-
tient, making it a personalized and effective treatment 
option.
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Table 4. Results of muscular endurance (sit-ups test) and flexibility (sit and reach test) in control and intervention exercise 
group 

Variables

Mean±SD P

ADL Only Intervention Exercise
Pre and 
Post Dif-
ferencesBefore After

Pre and Post 
ADL Differ-

ences
Before After

Pre and Post 
Exercise Dif-

ferences

Sit and reach (cm of 
improvement) 31.50±4.50 32.00±4.40 0.5±0.92 35.00±7.21 41.92±4.00 6.92±5.09 0.002

Sit-Ups (number 
achieved) 13.62±4.62 14.12±5.27 0.5±1.06 16.46±11.28 27.76±17.00 11.30±9.91 0.007

ADL: Activities of daily living; cm: Centimeter. �

Table 5. Results of chronic fatigue questionnaire scores in the intervention exercise and control groups

CFS Questionnaire Score

Mean±SD P

Program of Exercises, or ADL Only Pre and Post Program/
ADL Differences Differences

Before After

Intervention exercise group 11.46±7.22 8.07±5.83 -3.38±5.59 
0.021

Control group  11.55±3.97 13.62±3.62 1.75±1.48 

CFS: Chronic fatigue syndrome; ADL: Activities of daily living.�

Table 6. QoL subscale scores in the control and intervention exercise groups before and after activities of daily living only or 
the intervention exercise program

P Mean±SD

Variables
Differences 

Intervention Control

Before 
and After 

Exercise Dif-
ference

Exercise Program
Before 

and After 
ADL Dif-
ference

ADL

AfterBeforeAfterBefore

0.0203.75±1.3986.16 ±8.2379.29±9.13-2.5±4.63 68.75±16.9274.21±18.20 Physical health 
score

0.1963.33±4.56 86.90±16.56 73.80±18.27-1.38±6.27 64.28±14.2063.09±17.25 Pain score

0.04612.5±15.43 94.79±14.73  82.29±22.46 -1.19±5.75 69.79±16.0268.75±18.76 Planning score

0.03413.16±8.37 88.16±17.21 75.00±17.67 1.20±9.10 76.00±21.01 71.87±20.86 Intimate relation-
ship score

0.01216.66±10.54 86.45±15.39 69.79±21.79 1.38±6.27  52.77±24.53 51.38±26.57 Burden score

0.02814.06±13.16 81.77±23.77 67.70±22.24 2.02±4.35 42.12±23.61 40.10±24.59 Emotional score

0.0489.42±11.87 86.16±24.02 76.66±16.83 0.00±2.67 79.50±21.79 76.66±16.83 Body image score

0.01613.54±12.12 91.96±8.62 83.03±18.290.78±4.00 71.09±19.1770.31±16.95 Fatigue score

-10.80±4.90 87.79±3.97 75.94±5.520.06±1.5665.53±12.4064.54±12.63 
Mean summed 

scores for all sub-
scales 

ADL: Activities of daily living. �
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Decreased cardiovascular performance [8] reduced 
functional capacity [9] and delayed HR recovery are 
common problems in unfit SLE patients [10, 11, 19]. 
Also, myocardial weakness is a potential consequence 
of SLE and the associated increases in circulating pro-in-
flammatory factors [27]. According to the results (Table 
4), endurance exercise in combination with sometimes 
anaerobic resistance training has had positive effects on 
cardiac function. Miossi et al. [11] reported that a 12-
week exercise training program is capable of reversing 
the chronic incompetence of HR recovery in SLE pa-
tients. However, there is some debate as to whether myo-
cardial incompetency is related solely to cardiac issues, 
or instead also related to weakness and incompetency of 
skeletal muscles causing increased peripheral fatigue. 

Generalized and muscle-specific fatigue are impor-
tant detrimental consequences of SLE [11]. The precise 
mechanisms by which fatigue occurs in SLE remain un-
clear, but an increase of some pro-inflammatory cyto-
kines and their effects on the central nervous system may 
have a contributing role in the generation of SLE-related 
excess perceived fatigue [4]. Inflammation and abnor-
mal Il-6, Il-1ᵦ, and TNF-α levels could trigger a cascade 
to cause the occurrence of fatigue in the central nervous 
system [4]. On the other hand, fatigue may be an intel-
ligent and protective mechanism for humans, and is used 
to prevent damage that could arise as a consequence of 
inflammation and or contusion after disease or exercise 
training. Increasing levels of cytokines could also have 
effects on the nervous system and thus contribute to the 
generation of central fatigue. Fatigue has central and 
peripheral components, and there may be differential 
central and peripheral fatigue mechanisms in some SLE 
patients. In SLE patients, there are also different phases 
of the disease, in the initial phase increased inflamma-
tory markers may have central fatigue effects, but with 
disease progression, chronically decreased physical ac-
tivity may contribute to physical unfitness (cardiovascu-
lar, muscle strength, and endurance) and thus to more 
involvement of peripheral mechanisms.

It was thought that more intense exercise training could 
have had a detrimental effect on the immune system 
[28]. We thus used low to moderate-intensity aerobic and 
resistance exercise training (about 50% to 60% of maxi-
mum capacity). Some research has shown that exercise 
training reduces immune system dysfunction in SLE 
patients. Perandini et al. showed that exercise training 
(with an intensity 10% lower than the anaerobic thresh-
old) improves the inflammatory milieu in SLE women 
[29]. 

The results of the current study also showed improve-
ments in the flexibility, strength, and endurance capacity 
of muscle, and these improvements appear to have had a 
positive effect by helping to reduce perceived fatigue, as as-
sessed by a questionnaire. We recommend further research 
to investigate the efficacy of combinations of resistance 
and aerobic exercise training in comparison with aerobic or 
resistance protocols alone to optimize cardiovascular and 
muscle fitness to overcome fatigue in SLE patients.

Conclusion

Aerobic and sometimes anaerobic Pilates exercises are 
together able to enhance cardiovascular health and fit-
ness, improve muscle strength and endurance, decrease 
perceived muscular and general fatigue, and enhance the 
QoL in SLE patients undertaking these activities. Selected 
exercise training could, if used regularly, help prevent the 
generation of a vicious cycle resulting in decreased physical 
activity and fitness in SLE patients. Since the patients with 
index SLEDAI scores >4 were excluded, further studies are 
needed to find the effects of combined aerobic and anaero-
bic exercises on them. The ACR  currently recommends 
that SLE patients remain active, and exercise regularly, but 
rest when necessary. More specific guidelines regarding the 
utility of exercise programs could be provided as more re-
search becomes available. The ACR can with more research 
add the combined exercise regimen for patients with SLE 
and other immune-mediated conditions.
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