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Serum inflammatory and oxidative stress 
biomarkers levels are associated with pain 
intensity, pressure pain threshold and quality 
of life in myofascial pain syndrome
Seyed Kazem Shakouri1, Neda Dolatkhah1,4*  , Sepideh Omidbakhsh2, Alireza Pishgahi1 
and Maryam Hashemian3

Abstract 

Objectives:  We aimed to determine the serum concentrations of some inflammatory and oxidative stress biomark-
ers in relation with pain intensity and quality of life in patients with myofascial pain syndrome (MPS) compared to 
healthy controls. This study is a case–control study. The participants were selected from MPS patients who referred to 
rehabilitation outpatient clinics of the Tabriz University of Medical Sciences, Iran.

Results:  Serum hs-CRP (4.68 ± 4.36 vs. 2.92 ± 4.55 g/mlµ respectively, p = 0.011), phospholipase A2 (PLA2) 
(6.81 ± 2.22 vs. 4.73 ± 2.97 pg/ml respectively, p < 0.001) and malondialdehyde (MDA) (2.63 ± 0.71 vs. 
1.98 ± 0.90 nmol/ml respectively, p < 0.001) levels were significantly higher and serum total antioxidant capacity 
(TAC) (2.46 ± 0.49 vs. 2.83 ± 0.82 mmol/L respectively, p = 0.011) and superoxide dismutase (SOD) (78.89 ± 37.93 vs. 
154.25 ± 115.93 U/ml respectively, p < 0.001) levels were significantly lower in the MPS patients compared to healthy 
controls. Serum high-sensitivity C-reactive protein (hs-CRP) level was significantly and positively associated with rest-
ing (r = 0.349, p = 0.019), activity (r = 0.295, p = 0.049) and night pain (r = 0.304, p = 0.043) intensities, pressure pain 
threshold (PPT) (r = 0.210, p = 0.047) and pain duration (r = 0.283, p = 0.007). Serum TAC level was significantly and 
negatively associated with resting pain intensity (r = −0.312, p = 0.037). Some scales and subscales of quality of life 
were positively correlated with serum TAC level and negatively associated with serum hs-CRP and PLA2 levels.

Keywords:  Myofascial pain syndrome (MPS), Inflammation, Oxidative stress, Quality of life

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
main/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Myofascial pain syndrome (MPS) is a chronic pain-
ful dysfunction that can distress any striated muscle in 
the human body [1]. MPS is a very common and costly 
disorder affecting society, and its prevalence has been 
reported currently from 30 to 85% [2, 3]. The exact 

pathophysiologic mechanism of MPS is still poorly 
understood, yet new researches are enlightening the 
mechanisms that could have a noteworthy effect on the 
way this disorder is established and managed [4]. Bio-
chemical changes have been studied to some extent in 
MPS. However, more in-depth studies, especially on 
sub-acute inflammation and oxidative stress in relation 
with clinical presentation, are required to establish their 
potential role in the diagnosis and treatment of disease 
[5–7]. Additionally, pain is frequently accompanying with 
other complaints such as depression, mental stress, anxi-
ety, and, subsequently decreased quality of life [8] and 
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there is very limited evidence regarding the association 
between inflammatory and oxidative stress indices and 
quality of life in the scientific literature especially in MPS 
patients.

The primary aim of this study was to compare serum 
concentrations of important inflammatory biomarkers 
and oxidative stress between primary MPS patients and 
age and body mass index (BMI) matched healthy con-
trols. The secondary aim of this study was to determine 
the correlation between these biomarkers with clinical 
findings, and quality of life exists.

Main text
Methods
Study population
The present study was a case–control study. Patients 
with the primary MPS attending the university rehabili-
tation outpatient clinics and satisfying inclusion criteria 
[(age between 18 and 60  years, patients with persisting 
neck or shoulder pain for ≥ 3  months, MTrPs in one or 
more of the trapezius, the infraspinatus, and/or the leva-
tor scapulae muscles, visual analog scale (VAS) > 4) and 
normal neurologic examination], were involved via sim-
ple random sampling from October 2018 to May 2019. 
The exclusion criteria were fibromyalgia, cervical radicu-
lopathy, metabolic diseases like hypothyroidism and dia-
betes mellitus, and previous injection for MPS treatment 
within the last 6 months before the enrollment.

The control group was a sample of healthy subjects, 
matched for age (± 2 years) and BMI selected randomly 
from the other outpatient clinics of the same university. 
The exclusion criteria were the presence of systemic dis-
eases, chronic pain, or psychiatric disorders. The ratio 
of the case to the control group was 1:1. The study was 
carried out following the principles of the Declaration of 
Helsinki. Written informed consent was achieved from 
all participants.

Sample size
Based on a previous study by Koca et  al. [9] and TAC 
level of 0.93 ± 0.11 (mmol Trolox equivalent/l) in sub-
jects in the case group and 1.05 ± 0.20 (mmol Trolox 
equivalent/l) in subjects in the control group, power 
as 80%, type of test as two-sided and the probability of 
incomplete data as 15%, a sample size of 45 in each group 
and 90 in total was estimated.

Measurements
Demographics and medical information
The demographic data of participants were gathered 
through face to face interviews by a general characteris-
tics questionnaire containing demographic and medical 
information. BMI was calculated by dividing the weight 

(kg) by the square of height (m2) [10]. The physical activ-
ity of the study participants was evaluated through the 
short-form International Physical Activity Questionnaire 
(IPAQ) [11]. Three categories of physical activity were 
proposed: low, moderate, and high [12].

Visual analogue scale (VAS)
VAS was used to measure the pain observed by the 
subjects in the last 24 h through a 0–10 cm scale. Each 
patient was instructed to represent their perceived rest-
ing pain, night pain, and pain intensity with the activity 
which ranged from ‘0’ (no pain) to ‘10’ cm (worst imagi-
nable pain). The VAS is a simple and commonly applied 
method for the evaluation of pain intensity [13]. This 
rating scale has been confirmed to have satisfactory psy-
chometric powers to be used in chronic pain studies, and 
also to be more appropriate when the greatest consist-
ency is needed [14].

Pressure pain threshold (PPT)
The least force exerted which persuaded pain was 
inspected using PPT through the pressure algometry 
method. Estimation precision was distinguished at 1 kg/
cm2. An electronic pressure algometry device was placed 
perpendicularly on the location of the trigger point to 
increasing compression pressure against the muscle 
under examination by 1 kg/cm2/s [15].

Quality of life
The validated Persian version of the 36-item question-
naire SF-36 was used to evaluate the quality of life in par-
ticipants [16].

Biochemical analysis
Serum high-sensitive C-reactive protein (hs-CRP) (μg/
mL) was measured by the Monobind hs-CRP Elisa kit. 
The Luminex-based immunoassay using the Serum Phos-
pholipase A2 kit (Nevandsalamat) was used to meas-
ure phospholipase A2 (PLA2) as described by Hsu et al. 
[17]. Measurement of serum TAC concentration was 
performed using the Naxifer™-Total Antioxidant Capac-
ity Assay Kit-TAC Colorimetric Assay Kit [18]. Serum 
Malondialdehyde (MDA) was measured using Nalondi™-
Lipid Peroxidation Assay Kit-MDA. Serum superoxide 
dismutase (SOD) levels were measured by colorimetric 
method using an ELISA kit (RANDOX, Antrim, North 
Ireland UK) according to the manufacturers’ instruction.

Statistical analysis
All statistical analyses were performed using the statisti-
cal package SPSS (version 19.0, SPSS Inc., Chicago, IL). 
An independent sample t-test or Mann–Whitney U test 
was done to inspect the differences in inflammatory 
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markers and oxidative stress indices between patients 
with MPS and non-MPS controls. Unadjusted linear 
regression was run to assess the association between 
inflammation and oxidative stress biomarkers with pain 
intensity and quality of life. A P-value ≤ 0.05 was consid-
ered statistically significant.

Results
A total of 96 patients with MPS were evaluated for eligi-
bility. Of these, 11 were excluded due to the disagreement 
of participation in this study or lack of inclusion criteria. 
Finally, 85 participants were studied in this. Distribution 

of demographic variables like age, weight and BMI, serum 
levels of biomarkers, and subscales of quality of life are 
presented in Tables  1 and 2. There were no significant 
differences in demographic findings and also anthropo-
metric indices between case and control group (P > 0.05). 
Twenty, 13, and 10 patients in the case group had MTrPs 
in the trapezius muscle, trapezius + infraspinatus mus-
cles, and trapezius + levator scapulae muscles, respec-
tively. The mean duration of symptoms in patients was 
9.93 ± 4.36  months. The intensity of resting pain, noc-
turnal pain, and pain during the activity were 5.51 ± 2.11, 
5.11 ± 3.29, and 7.96 ± 1.74, respectively. The PPT was 

Table 1  Distribution of demographic characteristics among the study participants

BMI Body Mass Index, CRP C-reactive protein, EF energy/fatigue, EW emotional wellbeing, GH General health, hs-CRP high-sensitive, MDA malondialdehyde, MH mental 
health, P pain, PF physical function, PH physical health, PLA phospholipase A2, RE role limitation due to emotional problems, RP role limitation due to physical health, 
SF social function, SOD superoxide dismutase, TAC​ total antioxidant capacity
a  Values are means ± SD
b  Values are N (%)
c  Significantly different at p < 0.05 by Independent-Samples T test, Mann–Whitney U test or chi-square test

Variable Case group (n = 43) Control group (n = 42) P valuec

Age (year) 9.35a 36.44 ±  37.13 ± 8.47 0.715

Weight (kg) 71.58 ± 13.46 70.08 ± 11.08 0.546

Height (cm) 162.58 ± 7.00 161.08 ± 6.40 0.291

BMI (kg/m2) 27.06 ± 4.75 27.01 ± 4.09 0.901

Sex

 Male 2 (4.6%)b 5 (11.9%) 0.240

 Female 41 (95.4%) 37 (88.1%)

Education Education

 Illiterate 7 (16.3%) 1 (2.4%) 0.089

 Primary school 7 (16.3%) 7 (16.7%)

 Secondary school 2 (4.6%) 0 (0.0%)

 High school 3 (7.0%) 5 (11.9%)

 Diploma 9 (20.9%) 9 (21.4%)

 University 15 (34.9%) 20 (47.6%)

Job

 Unemployed 23 (53.5%) 20 (47.6%) 0.529

 Employed 20 (46.5%) 22 (52.4%)

Marital status

 Single 5 (11.6%) 8 (19.0%) 0.399

 Married 38 (88.4%) 34 (81.0%)

BMI Classification

 Normal (18.5–24.9) 15 (35.0%) 11 (26.2%) 0.955

 Overweight (25–29.9) 14 (32.5%) 26 (61.9%)

 Obese (≥ 30) 14 (32.5%) 5 (11.9%)

Physical activity

 Low 31 (72.1%) 25 (59.5%) 0.486

 Moderate 22 (27.9%) 17 (40.5%)

Any multivitamin use

 Yes 25 (58.2%) 16 (38.1%) 0.061

 No 18 (41.8%) 26 (61.9%)
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2.19 ± 0.65. The concentration of hs-CRP and PLA2 and 
MDA were significantly higher in MPS patients com-
pared with those of healthy controls. The levels of SOD 
were significantly lower in patients with MPS compared 
with those of healthy controls. All scales and subscale of 
quality of life were significantly lower in MPS patients 
compared with those of healthy controls, except Physical 
function (PF), Energy/fatigue (EF), and Emotional well-
being (EW).

Data were more analyzed to determine the associa-
tion between serum concentrations of biochemical indi-
ces with clinical findings and quality of life by Pearson/
Spearman correlation. The analysis also performed in 
controls concerning the correlation of the biomarkers 
and the quality of life (Table 3).

Discussion
Comparison of serum concentrations of inflammatory 
and oxidative stress indices among participants 
with and without MPS
In this study, we showed that circulating plasma lev-
els of inflammatory indices of hs-CRP and PLA2 and 
also MDA as an oxidative stress marker are higher and 

the plasma level of SOD antioxidant enzyme is lower in 
patients with MPS in comparison with healthy subjects.

Although serum concentrations of inflammatory and 
oxidative stress indices have been researched in dif-
ferent pain disorders, data in MPS patients are few. 
Human studies suggest a probable pathogenic role of 
the cytokines in pain [19]. Koch et  al. [20] revealed the 
elevated levels of IL-6 in patients with light pain and 
elevated levels of IL-6 and nitrate/nitrite in severe pain 
patients. Other studies have shown increased levels of 
IL-8 pro-inflammatory cytokine in blood and also Cer-
ebrospinal fluid (CSF) of the patients with chronic pain 
[21], elevated levels of IL-6, IL-1β, and TNF-α in CSF of 
the patients with complex regional pain syndrome [22] 
and prominent levels TNF-α in Schwann cells of the 
patients with painful neuropathies [23]. Nonetheless, 
Ludwig et al. [24] and Fischer et al. [25] didn’t found any 
significant differences in terms of serum or CSF concen-
trations of interleukin-6 and TNF-α and plasma levels of 
MDA, F2-isoprostanes, and 8-hydroxy-2-deoxyguano-
sine between patients with or without painful polyneu-
ropathies and Complex Regional Pain Syndrome.

During the inflammatory response, an increase in the 
amount of oxidative stress also contributes to the pain. 
Reactive oxygen species (ROSs) and reactive nitrogen 
species (RNSs) can, directly and indirectly, induce sensi-
tization and activation of nociceptor receptors [26]. The 
accumulation of ROSs in skeletal muscle contributes to 
myopathy and contractile dysfunction, both of which 
are components of MPS [27]. Taken together, these data 
suggest that complex and multi-mechanism regulatory 
systems for the role of cytokines in pain are not fully 
understood.

Correlation between serum levels of inflammatory 
and oxidative stress indices and pain intensity and quality 
of life among participants with and without MPS
Based on our findings, higher serum concentrations of 
hs-CRP and lower serum level of TAC was associated 
with higher pain intensity and duration in patients with 
MPS. These findings suggest that key symptoms of MPS 
may partly be the consequence of systemic inflammation.

Pain experimental models established pro-nociceptive 
properties of cytokines [28]. In the clinical background, 
the association between CRP (as a substitute for IL-6) 
and other inflammatory cytokines and pain has been 
shown in different situations [29–31].

We found that, there were significant and negative cor-
relations between some scales and subscales of quality 
of life and serum concentrations of hs-CRP and PLA2 in 
MPS patients. In return, TAC concentration was directly 
correlated with some scales and subscales of quality of 
life in the patients. In healthy controls, TAC and SOD 

Table 2  Distribution of  inflammatory and  oxidative 
stress biomarkers and  quality of  life among  the  study 
participants

Values are means ± SD

CRP C-reactive protein, EF energy/fatigue, EW emotional wellbeing, GH general 
health, hs-CRP high-sensitive, MDA malondialdehyde, MH mental health, P pain, 
PF physical function, PH physical health, PLA phospholipase A2, RE role limitation 
due to emotional problems, RP role limitation due to physical health, SF social 
function, SOD superoxide dismutase, TAC​ total antioxidant capacity
a  Significantly different at p < 0.05 by Independent-Samples T test, Mann–
Whitney U test or chi-square test

Variable Case group (n = 43) Control group 
(n = 42)

P valuea

hs-CRP (g/mlµ) 4.68 ± 4.36 2.92 ± 4.55 0.011

TAC(mmol/L) 2.46 ± 0.49 2.83 ± 0.82 0.065

MDA (nmol/ml) 2.63 ± 0.71 1.98 ± 0.90  > 0.001

SOD (U/ml) 78.89 ± 37.93 154.25 ± 115.93  > 0.001

PLA2 (pg/ml) 6.81 ± 2.22 4.73 ± 2.97  > 0.001

PF 68.67 ± 2.631 75.89 ± 18.95 0.057

RP 34.44 ± 42.40 60.00 ± 42.44 0.004

RE 37.02 ± 41.57 59.98 ± 41.19 0.010

EF 55.50 ± 18.82 62.88 ± 20.35 0.077

EW 61.51 ± 16.87 67.75 ± 17.42 0.073

SF 62.55 ± 24.57 72.50 ± 24.65 0.033

P 48.5 ± 20.91 79.27 ± 28.38 0.028

GH 51.81 ± 20.91 63.13 ± 20.64 0.011

PH 202.97 ± 85.09 278.30 ± 88.36 0.001

MH 213.44 ± 79.18 264.61 ± 65.87 0.001
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concentrations were directly and hs-CRP, PLA2, and 
MDA concentrations were negatively correlated with 
scales and subscales of quality of life.

Previous studies have evaluated the association 
between inflammation and quality of life in other dis-
orders [32–34] and consistent with the results of the 
present study, the relationship between inflammatory 
biomarkers and quality of life components in other con-
ditions has been emphasized [35, 36].

The association between mental conditions and the 
endocrine and immune systems, especially inflammation 
may be somewhat explained by the hypothalamic–pitui-
tary–adrenal (HPA) axis function. Given that acute psy-
chological stress can induce an inflammatory response 
[37], stress perception may contribute to the quality of 
life and may explain some of the present findings. Fur-
thermore, inflammation may disturb the quality of life 
because of reduced happiness [38]. So, inflammation 
management is serious for preserving mental health and 
quality of life.

The findings of this study may theoretically impact clin-
ical practice by suggesting a novel approach to symptom 
treatment in which systemic inflammation is recognized 
as a key therapeutic object.

Conclusion
Patients with MPS had significantly higher concentra-
tions of hs-CRP, MDA, and PLA2 and lower concentra-
tions of SOD in comparison with healthy subjects. In 
these patients, higher concentrations of hs-CRP and 
lower concentrations of TAC were associated with higher 
pain intensity and duration and lower scores of some 
scales and subscale of quality of life. The serum level of 
PLA2 was also associated negatively with some scale and 
physical health subscale scores of quality of life in MPS 
patients. Additionally, serum concentrations of SOD and 
TAC were positively and serum concentrations of PLA2, 
MDA, and hs-CRP were inversely associated with differ-
ent scale and physical and mental health subscale scores 
of quality of life in healthy matched controls.

Limitations
Our study has a relatively small sample size. Addition-
ally, the case–control design limits the capability to 
causality assessment of how inflammatory and oxida-
tive stress biomarkers implements in predicting MPS. 
Moreover, the serial examination of biomarker levels 
for assessing dynamic alterations was not examined. 
Lack of dietary intake assessment of micronutrients 
with anti-inflammatory and anti-oxidative properties 
is another limitation. Furthermore, we did not execute 

subgroup analysis based on the levels of stress and 
other psychological elements that may be accountable 
for the raise in the biomarker concentrations. Finally, 
we studied a particular group of MPS (i.e., MTrPs the 
trapezius, the infraspinatus, or the levator scapulae 
muscles). Thus, external validation may not be applied 
to other patients with MPS.
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