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ABSTRACT 
Objectives: Diagnosing fibromyalgia, a condition characterized by widespread body pain of unknown origin 
accompanied by various additional symptoms, poses a challenge in hemodialysis patients, who frequently ex-
perience musculoskeletal disorders. To investigate the relationship between fibromyalgia syndrome and in-
flammation parameters in hemodialysis patients. 
Methods: The study enrolled 311 hemodialysis patients undergoing treatment for over three months. Demo-
graphic characteristics, complete blood count, and biochemical values were documented as part of the study. 
To assess fibromyalgia, the researchers recorded the patients scores on the Generalized Pain Scale and Symptom 
Severity Scale based on data provided by the American College of Rheumatology.  The patients were then di-
vided into two groups: those with fibromyalgia and those without fibromyalgia, and their laboratory values 
and rates were compared. Inflammatory parameters such as erythrocyte sedimentation rate, c reactive protein, 
monocyte-to-lymphocyte ratio, lymphocyte-to-c reactive protein ratio, and c reactive protein to albumin ratio 
were recorded.  
Results: The study included 311 patients on hemodialysis for more than three months. Among the study par-
ticipants, 48.9% of the patients and 62.9% of those with fibromyalgia were women. The mean age was 54±26 
years and was significantly higher in patients with fibromyalgia (P<0.001). Monocyte (P<0.03), C-reactive 
protein (P<0.01), erythrocyte sedimentation rate (P<0.02), Monocyte to lymphocyte ratio (P=0.028), c reactive 
protein to albumin ratio (P<0.005) were significantly higher, lymphocyte to c reactive protein ratio (P<0.004) 
and albumin (P=0.018) were significantly lower in the fibromyalgia group. 
Conclusions: Fibromyalgia should be considered in the presence of high inflammation parameters in hemodial-
ysis patients with diffuse musculoskeletal pain. 
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 Chronic kidney disease represents a significant 

public health concern and has a detrimental im-
pact on the quality of life [1]. Hemodialysis is 

the most commonly employed renal replacement ther-
apy for individuals with chronic kidney disease, a con-

dition frequently associated with musculoskeletal dis-
orders [2]. Fibromyalgia syndrome (FS) is a prevalent 
pain disorder characterized by tenderness and stiffness 
in specific anatomical regions. Mood and sleep distur-
bances, fatigue, and functional impairments often ac-
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company it. FS is an extra-articular rheumatic disease 
influenced by non-modifiable risk factors such as age, 
gender, cultural and ethnic background, genetics, in-
flammation, and low socioeconomic status. The pain 
experienced in fibromyalgia tends to worsen with 
movement, leading to reduced physical activity and 
limited sun exposure. These factors contribute to an 
increased risk of osteoporosis and pose challenges in 
diagnosing and treating both bone mineral disorders 
and fibromyalgia in hemodialysis patients [3-7].  
      The 2010 American College of Rheumatology 
(ACR) criteria for fibromyalgia syndrome, which can 
affect all ages and genders and for which no clear 
pathophysiologic cause is known, have facilitated di-
agnostic evaluation [8]. Since there are no predictable 
biomarkers for the diagnosis, evaluation requires more 
active use of questionnaire methods questioning the 
severity, location, and prevalence of pain. Complete 
blood counts and laboratory tests are requested from 
every patient admitted to the hospital. Many diseases 
are associated with inflammatory processes, and stan-
dard parameters such as erythrocyte sedimentation rate 
(ESR), and C-reactive protein (CRP) have been used 
in the past. The role of non-routinely used indices in 
defining inflammation is increasing. Many studies 
have shown that tests such as neutrophil-lymphocyte 
ratio (NLR), platelet lymphocyte ratio (PLR), mean 
platelet volume (MPV), red blood cell distribution vol-
ume (RDW), CRP, monocyte lymphocyte ratio 
(MLR), CRP albumin ratio (CRPABO), lymphocyte 
CRP ratio (LCRPO) are associated with inflammatory 
processes [9-21].  
      Hemodialysis patients are known to be in an in-
flammatory process. It has been stated that half of the 
patients with the glomerular filtration rate (GFR) level 
of 15-60 mL/min had a CRP level of>2.1 mg/dL [22]. 
Uremic environment, decreased clearance and in-
creased proinflammatory cytokines, oxidative stress, 
acidosis, acute and chronic diseases related to the dial-
ysis process. Factors related to infections, changing 
adipose tissue metabolism and extracorporeal circula-
tion (purity of dialysis water, microbiological quality, 
membrane compatibility) also play an additional role 
in inflammation [23]. The aim of this study was to in-
vestigate the guiding value of inflammatory parame-
ters in the diagnosis of fibromyalgia in hemodialysis 
patients in the inflammatory process.  
      This study aimed to investigate the guiding value 

of inflammatory parameters in diagnosing fibromyal-
gia in hemodialysis patients with inflammatory 
processes. 
 
 
METHODS 
 
The study included 311 patients on hemodialysis for 
more than three months. Patients with known rheuma-
tologic disease, osteoporosis, malignancy, hemiplegia, 
hypothyroidism or hyperthyroidism, malnutrition, in-
flammatory bowel disease, and those on hemodialysis 
for less than three months were excluded. Demo-
graphic data such as age and gender and history of hy-
pertension, diabetes mellitus, coronary artery disease, 
cerebrovascular diseases, hypothyroidism, anxiety, de-
pression, and dementia were recorded. Monthly in-
come level and home heating type were recorded for 
socioeconomic status. Complete blood count and neu-
trophil-lymphocyte ratio (NLO), monocyte lympho-
cyte ratio (MLO), platelet mean platelet volume ratio 
(PMPVO), CRP albumin ratio (CRPALBO), platelet 
lymphocyte ratio (PLO), lymphocyte CRP ratio 
(LCRP) and albumin, Laboratory results including cal-
cium, phosphorus, ferritin, parathormone (PTH), uric 
acid, c-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), thyroid stimulating hormone (TSH), 
bicarbonate, alkaline phosphatase (ALP) were 
recorded.  
      The diagnosis of fibromyalgia is based on the ex-
amination of tenderness at specific anatomical sites 
and is made using the widespread pain scale (WPI) 
and symptom severity scale (SS) in the American Col-
lege of Rheumatology (ACD) 2010 update. The de-
gree of physical disability is determined with the 
Fibromyalgia Impact Scale (FES). In our study, FS di-
agnosis and FES were determined by applying these 
questionnaires to the patients. The widespread pain 
scale (WPI) is a scoring scale ranging from 0 to 19 for 
persistent pain in at least four of the five zones (upper 
and lower left, upper and lower right abdomen, upper 
and lower right abdomen, and axial region) in the last 
seven days. The SS consists of two groups. First group 
A (all items including fatigue, waking up without rest, 
cognitive findings, and somatic symptoms in the last 
week are scored between 0-3) and second group B 
(headache in the last six months, pain-cramps in the 
lower abdomen, presence of depression are assessed) 
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A+B total is a maximum of 12 points. The maximum 
WPI+SS total is 31 points. Accordingly, scores below 
a total of 12 points are not suggestive of fibromyalgia. 
The data obtained from each patient were summed for 
these scores, and those with fibromyalgia were iden-
tified.  
      The fibromyalgia impact scale (FES) was 
recorded according to the American College of 
Rheumatology (ACD) criteria. The FES consists of 4 
components, and in the first component, 11 activities 
of daily living, such as shopping, laundry, cooking, 
and making the bed, are evaluated on a Likert scale 
from 0-3. The total score obtained is divided by the 
number of questions, and the average score is ob-
tained. This score is multiplied by 3.33 for normaliza-
tion. In the second component, the number of days the 
participant feels well is scored inversely proportional 
to the severity of the disease and multiplied by 1.43 
for normalization. In the third component, the number 
of days unable to go to work and do household chores 
is multiplied by 1.43 for normalization. In the fourth 
component, the scores of questions 4-10 are taken. A 
total of 50 points and above means that physical dis-
ability has increased.  
The study group was divided into two groups as those 
with fibromyalgia (FS+) and those without (FS-). In-
flammation and hematologic parameters, ratios, and 
biochemistry parameters were compared between the 
groups.  
      The study was approved by Health Sciences Uni-
versity Ankara Training and Research Hospital Ethical 
Committee (Decision no: E-22-1011, Date: 27. 
07.2022). All procedures were carried out in accor-
dance with the ethical rules and the principles of the 
Declaration of Helsinki. 
 
Statistical Analysis  
      Analyses were conducted using UN Statistical 
Package for the Social Sciences 22.0 version (IBM 
SPSS Corp.; Armonk, NY, USA). Categorical vari-
ables were expressed as frequency (n) and percentage 
(%). Continuous variables were tested for conformity 
to a normal distribution by Kolmogorov-Smirnov and 
expressed as arithmetic mean, standard deviation, me-
dian, minimum, and maximum values. The student-t 
test was used to compare continuous variables with 
normal distribution, while those without normal dis-
tribution were analyzed by the Mann-Whitney U test. 

Pearson-χ2 and Fisher's exact tests were used for cat-
egorical variables. Spearmen's correlation was used 
for correlation analysis, and P<0.05 was accepted as 
the significance level. Receiving operating character-
istic (ROC), curve was used to find the sensitivity and 
specificity threshold values of hematologic ratios. 
 
 
RESULTS 
 
Among the patients who participated in the study, 
48.9% were women, and 62.9% of patients with fi-
bromyalgia were women. The mean age was 54 years 
(IQR 26). Age was significantly higher in FS+ he-
modialysis patients (P<0.001), and female gender was 
significantly higher (P<0.002). FS+ hemodialysis pa-
tients had significantly higher rates of hypertension 
(p<.027), anxiety (P=0.016), depression (P<0.001), 
and dementia (P=0.010). In the FS+ group, the rate of 
catheter access to hemodialysis was high (P<0.002), 
and home heating was stove (P=0.024). A comparison 
of demographic and laboratory data of the groups is 
presented in Table 1, and co-morbid conditions and 
socioeconomic status are presented in Table 2.  
      There was no difference in the duration of dialysis 
and KT/V ratio between FS+ and FS- groups on he-
modialysis. There was no difference between white 
cell count, lymphocyte, and neutrophil cell counts in 
both groups. Monocyte cell count was significantly 
higher in the FS+ group (P<0.03). Hemoglobin, 
platelet, and mean platelet volume did not differ be-
tween the groups.  
      There was no significant difference between the 
groups in glucose, calcium, phosphorus, magnesium, 
total protein, uric acid, alkaline phosphatase, total cho-
lesterol, thyroid stimulating hormone, total iron satu-
ration, vitamin B12, creatinine kinase, and bicarbonate 
levels. PTH was significantly lower in FS+ patients 
compared to non-FS+ patients (P=0.013). The folic 
acid level was significantly lower in the FS+ group.  
CRP, a marker of inflammation, was significantly 
higher in the FS+ group (P<0.01), and erythrocyte sed-
imentation rate was significantly higher (P<0.02). Fer-
ritin, a negative acute phase reactant, was significantly 
higher in the FS+ group (P<0.05). Albumin level was 
significantly lower in the FS+ group (P=0.018).  
      In the ratios of inflammation parameters, CR-
PALBO was significantly higher (P<0.005), MLO was 
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significantly higher (P=0.028), and LCRPO was sig-
nificantly lower (P<0.004) in the FS+ group. There 
was no significant difference between NLO, PMPVO, 
and PLO between the two groups.  
      There was a negative correlation between the fi-
bromyalgia effect score and LCRPO (r=-.237, 
P<0.001), a positive correlation between CRPALBO 
(r=.237, P<0.001), a positive correlation with ESR 
(r=.166, P<0.003), a positive correlation with MLO 
(r=.116, P=0.041) and a strong positive correlation 
with CRP (r=.223, P<0.001) between the FS+ group 
and the FS- group.  
      When ROC analysis was performed for MLO, 
CRPALBO, and LCRP, which showed significant dif-

ferences in the FS+ group, the area under the curve 
was found to be significant at P=0.028, P<0.005 and 
P<0.004, respectively (Fig. 1).  
 
 
DISCUSSION 
 
This study showed that inflammation was more promi-
nent in the group with fibromyalgia in hemodialysis 
patients. In addition to the significant difference in 
MLO, CRPALBO, and LCRPO ratios between FS+ 
and FS- groups, these ratios were correlated with fi-
bromyalgia effect score, and ROC analysis supported 
these data. This study suggests that inflammatory 
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markers may serve as predictors for the diagnosis of 
fibromyalgia in hemodialysis patients.  
      The absence of differences in dialysis duration and 
KT/V between FS+ and FS- hemodialysis patients in-
dicate the comparability of the two groups and sug-
gests the absence of bias. Furthermore, the significant 
findings of MLO, CRPALBO, and LCRPO in FS+ he-
modialysis patients suggest the involvement of inflam-
mation in the condition. In a previous study by Varim 
et al. [11], it was reported that the lymphocyte-to-
monocyte ratio was significantly lower in the fi-
bromyalgia group compared to healthy volunteers, 
which aligns with the significantly higher Monocyte 
lymphocyte ratio and monocyte count observed in this 
study involving hemodialysis patients.  
      NLO, PLO, and PMPVO, which have started to 
be used in the diagnosis of systemic inflammation 
from non-traditional hematologic ratios, were not 
found significant in this study. This study's findings, 
which show a lack of clinically significant correlation 
between pain severity and MPV in patients with fi-
bromyalgia, are consistent with the study conducted 
by Jayakrishnan et al. [15]. This increase in acute ex-
acerbations may be attributed to chronic inflammation 
in chronic hemodialysis patients. This study was not 
compatible with the study of Aktürk and Büyükavcı 
[16], who found NLO and MPV to be significantly 
higher and PDW to be significantly lower in the com-
parison of healthy controls and fibromyalgia patient 
group. Haliloğlu et al. [19] found no difference be-

tween ESR, CRP, white blood cell count, and platelet 
count in the control group and fibromyalgia group; 
only MPV was found to be significantly higher and in-
terpreted as increased platelet activation and increased 
risk of cardiovascular disease. Korniluk et al. [20] re-
ported that the hematology standardization committee 
approved MPV as an acceptable parameter for many 
diseases. The two groups in the present study con-
sisted of hemodialysis patients, and there was no sig-
nificant difference in MPV.  
      In a study conducted by Yazıcı et al. [24] in 
rheumatoid arthritis patients compared with a control 
group, MPV was found to be correlated with disease 
activity, ESR, and CRP. In this study, ESR and CRP 
inflammation markers were significantly higher in the 
fibromyalgia group. It was not associated with MPV. 
In a large-scale community screening study by Fein-
berg et al. [189, a significant positive association of 
fibromyalgia with serum CRP was found in hemodial-
ysis patients with fibromyalgia in this study.  
      Yücetürk et al. [7] found a high fibromyalgia ef-
fect score (FES) in hemodialysis patients with fi-
bromyalgia compared to the control group. In this 
study, FES was found to be high in hemodialysis pa-
tients with fibromyalgia and correlated with MLO, 
CRPALBO, and LCRPO. No difference was found be-
tween albumin, calcium, phosphorus, ALP, TSH, and 
PTH in the study by Yücetürk et al. In this study, only 
PTH and albumin were significantly lower in he-
modialysis patients with fibromyalgia. It was evalu-
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Fig. 1. ROC analysis of MLO, CRPALBO and LCRPO between FS (+) and FS (-) groups.
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ated as a low-cycling bone mineral disorder due to im-
mobilization. The increase in fibromyalgia pain with 
movement is considered a factor in this situation's de-
velopment. In a comparison of healthy volunteers and 
the fibromyalgia group by Al-Nimer et al. [17], it was 
reported that the evaluation of hemotologic ratios with 
FES could be used in diagnosis and prognosis follow-
up. This study showed a significant positive correla-
tion between the FES score and MLO, CRP, ESR, and 
CRPALBO.  
      The study by Taylor et al. [14], which investi-
gated monocyte subpopulations in healthy controls 
and fibromyalgia patient groups, reported a positive 
correlation between stress, pain, and monocyte sub-
populations. This finding aligns with the significantly 
higher monocyte count observed in hemodialysis pa-
tients with fibromyalgia in the current study. Both 
studies suggest a potential relationship between stress, 
pain, and alterations in monocyte populations in fi-
bromyalgia, supporting the notion of a similar pattern 
of association.  
      In a study by Çağlıyan Türk et al. [21] with he-
modialysis, peritoneal dialysis, and transplant patients, 
the relationship between the frequency of depressive 
symptoms and anxiety in patients with fibromyalgia 
was also found in this study. Laboratory parameters 
were not significantly different in hemodialysis, peri-
toneal dialysis, and transplantation patients. In this 
study, inflammation parameters MLO, CRPALBO, 
CRP, ESR, and LCRPO were significant in hemodial-
ysis patients with fibromyalgia. It is known that half 
of the patients with GFR 15-60% ml/min had CRP  
>2.1mg/dL [22]. The effect of inflammation in fi-
bromyalgia syndrome is also known. Changes in pa-
rameters and rates monitored in hemodialysis patients 
who are exposed to the same inflammation load, 
which may also be affected by environmental and ge-
netic factors, may be guiding in patients clinically sug-
gestive of fibromyalgia. The frequency of 
fibromyalgia, which is found at 2-8% in the general 
population, in patients receiving renal replacement 
therapy is not fully known [5].  
      As in many studies, fibromyalgia was found to be 
more common in the female gender in this study. Since 
the gender distribution is not normal, the absence of a 
significant relationship other than age in the FS+ and 
FS- group comparisons made only in females can be 
explained by further studies.  

Limitations  
      The limitations of our study include not to study 
pro-inflammatory cytokines, adhesion molecules, 
adipokines and related factors, and anti-inflammatory 
cytokines and the relatively small number of cases. 
 
 
CONCLUSION 
 
The results of this study show that inflammation pa-
rameters and hematologic ratios can be used in the di-
agnosis of fibromyalgia, the pathophysiology of which 
has not been fully elucidated. Monocytes, MLO, CRP, 
CRPALBO, ESR, and LCRPO and their relationship 
with fibromyalgia effect score suggest that they can 
be used in prognosis follow-up. Since the items under 
the curve in ROC analysis are significant, further stud-
ies are needed to determine the exact cut-off values.  
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