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Introduction: Physical training, especially aerobic exercise combined with mental training 
by patients with Systemic Lupus Erythematosus (SLE), has numerous benefits, including 
tissue generation and enhanced anti-inflammatory activity. This study aimed at investigating 
the effect of ten-week aerobic-cognitive combined training on the serum levels of High 
Sensitivity C-Reactive Protein (HS-CRP), Anti-cardiolipin antibodies, Immunoglobulin G 
(IgG), Immunoglobulin M (IgM), and mental status of female SLE patients.

Materials and Methods: Eight female patients with SLE (with the Mean±SD age of 
50±47.04 year and the Mean±SD BMI of 29.57±5.83 kg/m2) were randomly assigned to the 
experimental (n=5) and control (n=3) groups. The experimental group performed Brailletonik 
exercise, including aerobic (60-80% of Max HR) and cognitive training for ten weeks. The 
serum levels of HS-CRP, IgG, IgM, and mental status of the patients were evaluated in both 
groups before and after the training.

Results: According to the results of 2×2 mixed Analysis of Covariance (ANCOVA), there was 
no significant effect of training on the serum levels of HS-CRP, IgG, and IgM (P>0.05), but HS-
CRP and IgM level decreased in the experimental group by (42%) and (23.5%), respectively. 
The result of ANCOVA indicated the significant effect of training on mental status (P=0.005).

Conclusion: Physical combined cognitive training could be more effective in improving the 
mental status compared to a decrease in serum inflammatory factors of SLE patients.
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1. Introduction

he Systemic Lupus Erythematosus (SLE) 
is a chronic, systemic, relapsing-remit-
ting autoimmune inflammatory disease, 
in which the immune system is activated 
against the body cells leading to tissue 

damage. The prevalence of this disease is nine times 
higher in women. Usually, people in the age range of 15-
45 years are diagnosed with this disease. The involve-
ment of the Central Nervous System (CNS) is one of the 
first known aspects of this disease [1].

Based on a study by Rheumatologic Research Center 
of Tehran University of Medical Sciences, the preva-
lence of lupus is 40 per 100000; this means that out of 
every 2500 Iranians, one has lupus. The symptoms of 
this disease could be mild or severe, depending on the 
patient [2]. One of the major characteristics of lupus is 
its periodic occurrence, including recurrence (intensified 
symptoms) and quenched (reduced symptoms) phases 
[3]. Two types of lupus have been diagnosed so far; 
dermatologic erythematosus lupus, which only affects 
the patient skin, and Systematic Lupus Erythematosus 
(SLE), which is an autoimmune disease accompanied by 
the inflammation of epithelial tissue and vessels with the 
ability to involve almost all of the body organs, includ-
ing joints, skin, kidneys, and heart [4].

Various factors are effective in SLE, among which en-
vironmental, immunologic, and genetic factors are more 
important. These factors stimulate the immune response, 
which results in the production of antibodies against the 
cell antigens and, hence, reduces the tolerance of the im-
mune system [5]. They can also cause the formation of 
the immune complexes, which can remain in the body 
and decrease the immune system function leading to 
systematic inflammatory progress. Although the exact 
etiology of SLE is still unclear, a wide range of studies 
and development have been conducted and made in this 
field. The two major disorders of this disease are immu-
nologic disorders and self-reactive antibodies [6].

Studies have shown that systematic inflammation level 
is high in lupus patients as it is an autoimmune disease, 
one of whose features is the chronic inflammation. High 
levels of High Sensitivity C-Reactive Protein (HS-CRP), 
Interleukin (IL-10), (IL-6), (IL-4), Tumor necrosis factor 
(TNF)-α, (IL-12), and Interferon (IFN)-γ have been ob-
served in these patients, which are regarded as the main 
inflammatory factors of SLE pathogenesis [7-10].

Neuropsychiatric disorders are detected in more than 
half of lupus patients; they could be manifested in vari-
ous forms, including motor disorders, nerve demyelin-
ating, cognitive disorders, dizziness, mood disorders, 
depression, anxiety, epilepsy, and psychosis [11, 12]. 
Mild levels of cognitive disorders are more common 
in lupus patients, whose attention, visual and speech 
memory, motor function, reaction speed, and motor 
perception could be damaged; Though clinical symp-
toms are extensive and independent of disease, and no 
standard test has yet been established to diagnose Neu-
ropsychiatric Systemic Lupus Erythematosus (NPSLE) 
[13]. Several pathologic pathways are, however, deter-
mined, which correspond with clinical symptoms of 
lupus; for example, neurotoxicity mediator antibody, 
anti-phospholipid antibodies and anti-cardiolipin anti-
bodies (Immunoglobulin G [IgG], Immunoglobulin M 
[IgM], and Immunoglobulin [IgA]) [14]. The latter is a 
group of immunoglobulins created against membrane 
phospholipids giving rise to blood coagulation. Some 
researchers have tried to associate these antibodies 
(which only exist in 30-40% of SLE patients) with cog-
nitive impairments and a wide range of psychological-
neural disorders in NPSLE [15, 16].

In a study by Sato et al. on NPSLE patients, the in-
crease in the level of pro-inflammatory cytokines and 
antibodies and albumins were detected in their cerebro-
spinal fluid [17]. Planting et al. also investigated the 
effect of aging on physical and cognitive performance 
of SLE patients. They selected 60 adult SLE patients 
(90% female) in various age ranges 20-39(26.7%), 40-
59(50%), and over 60(23.3%) years old; 80% of them 
were black. They evaluated their cognitive functions 
and motor perception. Their results showed lupus in-
flammation-induced damages in all age ranges, espe-
cially at older ages [18].

Among the interventions for SLE, physical train-
ing can play an active role in enhancing the cognitive 
functions of lupus patients and Protocols conducted on 
mice showed that a combination of physical exercise 
and environmental enrichment could result in sensory-
motor stimulation, reduced brain cortex inhibition, and 
the better perceptual and cognitive abilities mediated 
through the increase of cell proliferation, neurogenesis, 
and gliogenesis in the hippocampus [19]. This could 
be owing to an increase in local blood circulation and 
generation of new nervous cells [20].

Human studies also confirmed the relationship be-
tween regular physical activities and brain develop-
ment, especially in the premotor brain cortex. Regular 
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physical activities control the growth and differentiation 
of nervous neurons, synaptogenesis, and arteriogenesis, 
which will improve neurotrophy and, hence, enhance 
the cognitive function such as processing speed, motor 
perception, control, and working memory [21, 22].

The anti-inflammatory role of physical activities in 
SLE disease has also been studied by some research-
ers [23]. Rheumatologic studies have shown that ex-
ercise can have a positive effect on the quality of life 
of patients with lupus by reducing pain and stiffness 
of the muscles, as well as reducing the frequency of 
the recurrence of chronic pain and improving the body 
performance and cognitive function of the patients. 
Muller and Perado et al. confirmed that increased phys-
ical activities were a helpful method in the treatment 
of SLE, It was also determined that increasing physi-
cal training could rise maximum oxygen consumption, 
aerobic capacity, autonomic cardiac control, and qual-
ity of life of SLE patients in all age ranges and It has 
been hypothesized that physical activities can enhance 
the severity of this disease by releasing pro-inflamma-
tory response. This hypothesis is, however, in contrast 
with the anti-inflammatory effect of physical training 
in chronic diseases with partial systematic inflamma-
tion (such as type II diabetes) [24]. 

According to the studies, physical activity is one of 
the active factors in changing the immune system func-
tion, which is highly dependent on the intensity, dura-
tion, and type of the training, as well as physical fitness, 
nutrition, mental state, and hormonal factors and thus, 
guiding the patients to perform sports programs along 
with pharmacotherapy and conducting applicable ex-
ercises to enhance their functional and mental abilities 
can control or prevent NPSLE-induced inflammatory 
and cognitive impairments. Leonorth et al. conducted a 
systematic review of the effect of combinational training 
(physical and cognitive) on cognitive function and They 
reported that cognitive and physical training should be 
combined to improve performance. In most of the stud-
ies in their review, combinational training affected the 
cognitive function [25].

No study has yet addressed the effect of aerobic-cog-
nitive combined training on the inflammatory indicators 
and mental status of SLE patients. Moreover, given the 
impact of hormones on the emergence and progress of 
lupus and its higher prevalence among women (more 
than twice), further studies in female patients with SLE 
are necessary [26]. Also, in most of the previous stud-
ies, aerobic and cognitive training have been used, but 
since brailletonik is an Iranian cognitive-motor training, 

in which movements are based on international alpha-
betical codes, in this study, we used Brailletonik for the 
aerobic-cognitive combined training. In this regard, the 
present study investigated the effect of ten-week aero-
bic-cognitive training on the serum levels of HS-CRP, 
IgG, and IgM, as well as the mental status of female pa-
tients with SLE.

2. Materials and Methods

This study was conducted on eight female patients with 
SLE with the mean age of 50 years and the mean BMI of 
29.57 kg/m2. They were selected based on convenience 
sampling method from the members of the Iran Lupus 
Association and were randomly assigned to the experi-
mental (n=5) and control (n=3) groups. The participants 
were, then, evaluated in terms of disease severity using 
Systemic Lupus Erythematosus Disease Activity Index 
(SLEDAI) questionnaire, disease duration, and psycho-
logical diseases, such as epilepsy, psychosis, and depres-
sion (using Beck depression inventory). Their motor 
balance was also assessed by a rheumatologist.

The participants were homogenized in terms of fac-
tors effective in inflammation and cognitive aspects. 
We used the pre-test, post-test randomized-group design 
for this study, in which the motor-cognitive brailtonic 
training was performed for ten weeks (three sessions 
per week) under the supervision of the researcher. The 
serum levels of HS-CRP, IgM, and IgG, as well as the 
mental status of the patients by the Mini-mental State 
Examination (MMSE) questionnaire, were assessed in 
pretest and posttest. It is worth noting that all stages of 
the research, from participants’ selection and training 
steps to sampling, were conducted under the supervision 
of Iran Lupus Association.

First, the maximum heart rate of each participant was 
calculated (220 minus age of the participant). Next, they 
were trained to measure their heart rate by palpating 
their neck carotid artery. They measured their resting 
and activity heartbeat number per minute before and af-
ter each session under the supervision of the researcher, 
which were recorded in the training session checklist. 
According to the type of protocol that is continuously 
increasing and based on the performance of the subjects 
in the first session, the initial training intensity (60% of 
maximum heart rate) was determined. Then, the prin-
ciples of overload were added weekly to the intensity 
and duration of the training.

Training protocol included ten successive weeks (30 
sessions) of exercise (three 60-minute sessions per 
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week). The training was a combination of cognitive 
and aerobic exercises with an intensity of (60-80%) of 
Max HR of the participants. In the first week and then 
in the second, third, and fourth weeks, the participants 
worked out (60%) and (70%) of their Max HR, respec-
tively. They exercised with (80%) of their Max HR in 
the remaining 4 weeks.

Each training session included 10 to 15 minutes of 
dynamic and aerobic warm-up, stretching movements, 
and 40 minutes of brailtonic training, which included 
responding to auditory and visual stimuli, fast process-
ing (the speed, at which the brain receives new informa-
tion), comprehension, attention, memory (including both 
chained skills and long-term memory) and logic and rea-
soning (the ability to deduce and think in a sequence and 
rational order). The motor-cognitive brailtonic training 
was performed by a 6-cell table and braille signs for al-
phabetical coding limbs movements based on the codes 
and recalling the moves from memory. 

The six-cell table can be placed on the floor, wall, or 
even can be imagined in the space. Brailtonic training 
starts with the movements on table numbers. Then, the 
braille sign of each letter of the alphabet was taught, 
and the movements according to each code were dis-
played. The chosen motions for brailtonic training are 
methods of enhancing mental-cognitive skills. The de-
signed training include hand stretching, balance move-
ments, contentious movements for hands and legs, gait 
movements, rotation, mimic movements from the lead-
er, and mild jumps.

At the end of each training session, cool-down training 
was done for ten minutes (slow walking and stretching) 
with intensity less than the initial intensity of each session 
to recover the initial condition. The control group had no 
physical activity and continued an inactive lifestyle.

To analyze the research variables, before the test and 
then after the test (48 hours after the last training ses-
sion), ten mL sample venous blood was taken from the 
left hand of the participants after 12 hours of fasting and 
five minutes of rest, using sterile Venoject syringes con-
taining ethylenediaminetetraacetic acid anti-coagulation 
agents. Then, the samples were put in an ice bath. The 
serum was separated, by centrifuging and kept at (-20)
for further analysis. To determine the HS-CRP level, the 
specific kit of HS-CRP assessment (MININEPH, Bind-
ing Site Group, UK) was used. In a typical procedure, 
the serum samples were placed in a nephelometer instru-
ment (which uses light scattering to measure the protein 
concentration), a specific amount of anti-serum was, 
then, added, resulting in antibody-antigen interactions.

The device measured the reference light, which was 
proportional to the antigen-antibody complex level at the 
wavelength of 670nm; hence, the concentration of the 
C-protein could be assessed. To measure serum immu-
noglobulins (IgG and IgM), nephelometer instrument, 
and specific kits (Binding Site Group, UK) were applied. 

According to the results of the Shapiro-Wilk test, the 
distribution of the data was normal (P>0.05). Also, 
there was a significant difference between the weight 
of the two groups based on t-test (t6=-2.635, P=0.039). 
Thus, to analyze the data of HS-CRP, IgG, and IgM, 
two (group) × two (time) analysis of covariance (AN-
COVA) with the repeated measures of the last factor 
and weight as a covariate was used. The data of MMSE 
were analyzed by ANCOVA with weight and pre-test 
as covariates. The significance level in all analyses was 
considered less than 0.05.

Table 1. Mean±SD of study variables in the experimental and control groups

Variable

Mean±SD

Experimental Control

Pre-test Post-test Pre-test Post-test

HS-CRP 1.82±1.39 1.06±0.94 1.30±1.47 2.63±1.71

IgG 5.85±4.18 6.08±3.35 8.40±7.53 10.80±3.12

IgM 6.77±5.06 5.18±1.45 5.77±2.64 6.87±1.79

MMSE 25.40±1.95 29.40±0.89 27.33±2.52 27±1
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3. Results

Table 1 presents the Mean±SD of the investigated vari-
ables in the experimental and control groups. The results 
of two (group) × two (time) ANCOVA with the repeated 
measures of the last factor and weight as covariate in-
dicated the main effects, and the interaction of group 
and time was not significant for HS-CRP, IgG, and IgM 
(Table 2). CRP and IgM decreased (42%) and (23.5%), 
respectively, in the experimental group, while increased 
in the control group and the percentage increase of IgG 
in the experimental group (4%) was less than that in the 
control group (Table 3). The result of ANCOVA with 
weight and pre-test as covariates for mental status in-
dicated the significant effect of group, and the post-test 
score of MMSE in the experimental group was signifi-
cantly more than that of the control group (F1.4=30.896, 
P=0.005, partial h2=0.885). 

4. Discussion

The present study aimed to investigate the effect of 10-
week combined aerobic-cognitive training on HS-CRP, 
IgG, IgM serum levels, as well as the mental state of 
SLE patients. The results indicated that the training did 
not significantly affect the inflammatory factor of HS-
CRP in the experimental group (P>0.05). But, the per-
centage change revealed that the HS-CRP level of the 
experimental group reduced to (42%), which could be 
as a result of regular physical training and its substantial 
anti-inflammatory effects.

Recent reviews on the anti-inflammatory effects of 
regular training have focused on three possible mecha-
nisms; the reduction in visceral fat mass, the increased 
production and release of anti-inflammatory cytokines 
(myokine) from contracting skeletal muscle, and the 
reduced expression of Toll-like receptors on monocytes 
and macrophages (with the subsequent inhibition of 
downstream responses such as the production of pro-
inflammatory cytokines) [27].

Table 2. The results of 2×2 mixed ANCOVA for HS-CRP, IgG, and IgM

Variable Effect F Hypothesis df Error df P Partial Eta Squared

HS-CRP

Group 0.047 1 5 0.837 0.009

Time 0.311 1 5 0.601 0.058

Group × time 0.622 1 5 0.466 0.111

IgG

Group 0.581 1 5 0.480 0.104

Time 0.057 1 5 0.821 0.011

Group× time 0.003 1 5 0.959 0.001

IgM

Group 0.975 1 5 0.303 0.209

Time 0.02 1 5 0.892 0.004

Group × time 0.347 1 5 0.582 0.065

Table 3. Percentage changes of variables in the experimental and control groups

Variable Experimental Control

HS-CRP Decrease 42 Increase 101.5

IgG Increase 4 Increase 28.6

IgM Decrease 23.5 Increase 19.1

MMSE Increase 15.7 Decrease 1.2
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Small sample size can influence the results of the re-
search, and an increase in sample size could enhance 
the accuracy and validity of the results. In this study, the 
duration and intensity of training and the initial level of 
the participants could also affect the results. Probably, 
the duration and intensity were not enough to develop 
proper adaption. Hence, more studies are required in 
these training factors.

IgG analysis also indicated that training was not signifi-
cantly effective in this inflammatory factor among the 
members of the experimental group. But, according to 
Table 3, the post-test values of IgG showed an increase 
in both groups, which may be attributable to disease ac-
tivities. But, the lower percentage increase in the experi-
mental group (4 vs. 28.6) could be attributed to the posi-
tive and anti-inflammatory impacts of training on the 
patients. Furthermore, the low number of participants 
could affect the results in a way that the between-group 
difference was not significant. Regarding the cognitive 
and physical disabilities of the patients with SLE, dis-
ease severity, pain, and movement limitations, it is not 
surprising that a few patients participated in the research.

Moreover, the duration of the training could influence 
the results and investigation of the effect of physical 
training on IgG inflammation factor in the more extend-
ed period will result in more accurate findings. Chronic 
inflammation as a result of several years of the disease 
could also nullify the effects of physical training. Over-
all, it can be concluded that although physical training 
has a positive impact on the disease path, its effect on 
IgG inflammation factor was not significant in this study.

In case of IgM variable, the training was not signifi-
cantly effective in this inflammatory factor of the ex-
perimental group, but the investigation of the percentage 
change revealed that in the control group, IgM increased 
(19.1%), while it declined (23.5%) in the experimental 
group. The reason could be the anti-inflammatory effect 
of physical exercise on anti-cardiolipin levels in SLE pa-
tients. Furthermore, the result of IgM and the insignifi-
cant between-group difference could be attributed to the 
low number of participants. However, given the physical 
capacity and various disease severities and, hence, de-
clined range of motion in lupus patients, Therefore, this 
duration (ten weeks) was considered. Persistent inflam-
mation as a result of long-term disease and associated 
disability could also diminish the effects of a physical 
training program.

 The results of the MMSE score in the experimental and 
control groups showed the significant effect of the train-

ing on the mental status of the lupus patients (P=0.005). 
It seems that owing to neural overlapping, the physical 
and mental training could influence the cognitive results.

Different studies have shown that the combination of 
physical and cognitive training increases the sensory-
motor stimulation and, thus, decreases cerebral cor-
tex inhibition. It also improves memory abilities by 
enhancing neurogenesis and synaptogenesis. In this 
study, we used aerobic-cognitive combined training. 
Aerobic training improves the cardiovascular system, 
aerobic capacity, and subsequently, increases the local 
blood flow and produces new nervous cell (neurogen-
esis); moreover, it increases synaptogenesis especially 
in the hippocampus, which prevents hippocampus at-
rophy and memory damage; as a result, the cognitive 
ability of lupus patients is developed and because of 
the development of the capillary network, aerobic ca-
pacity, maximum oxygen consumption, the general fa-
tigue and pain of lupus patients would reduce, which 
improves their cognitive ability by recovering their 
quality of life. In addition, active muscles secrete myo-
kine, which reduces the activity of B and C cells, in-
flammation and immune responses, and, consequently, 
increases cognitive function of the patients [28].

In the present study, cognitive training was imple-
mented in the form of targeted and planned aerobic 
training called brailtonic exercises, because in these 
exercises, attention, work memory, spatial visualiza-
tion, reaction time, and even processing speed are de-
veloped. In addition, it seems that the combination of 
aerobic and cognitive training in the form of brailtonic 
exercises improves the function of brain neurons and 
the cognitive ability by creating specials conditions. 
These conditions include physiological changes affect-
ing the brain, such as angiogenesis and synaptogenesis, 
as well as creating an enriched environment for the 
brain to be used repeatedly and continuously [29, 30]. 
Also, the results of the research indicate that the cogni-
tive abilities of the subjects increased, so it seems that 
the combined training increases the involvement of dif-
ferent parts of the brain compared with doing aerobic 
or cognitive training separately [31].

The results of this study emphasize the consideration of 
individual differences in cognitive studies. In a study by 
Laura et al. the effect of simultaneous mental and aerobic 
training was investigated in 126 elderlies with cognitive 
disorders for 12 weeks. The results indicated improve-
ments in physical and cognitive function of the partici-
pants [32]. Concerning the efficacy of cognitive training 
on the brain function of lupus patients, Laurance et al. 
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investigated the effect of aerobic and cognitive train-
ing (simultaneous or following each other) on elderlies. 
They studied 42 adults, who participated in 12 sessions 
of aerobic-cognitive training and randomly divided them 
into two groups of simultaneous (aerobic and cognitive 
training) and successive (cognitive training after aerobic 
exercises) training.

The results indicated an increase in spatial and ver-
bal memory of both groups. In the successive group, 
however, the working memory showed significant im-
provement [33]. The percentage change, which was 
mentioned in the previous sections, indicated that the ef-
fect of training on the mental status of the patients was 
significant; but, the inflammatory factors did not show a 
considerable change with improvement. In conclusion, 
10 weeks of aerobic-cognitive combined training in the 
present study had a significant positive effect on men-
tal status and but not a significant impact on HS-CRP, 
IgM, and IgG of the participants. Thus, it seems that the 
combined physical-cognitive training could be more ef-
fective in improving mental state than decreasing serum 
inflammatory factors of patients with SLE.
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