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Abstract: The link between fibromyalgia syndrome (FMS) and obesity has not been thoroughly 
investigated. The purpose of this study was to examine the relationships among body mass index 
(BMI) and body composition parameters, including fat mass, fat mass percentage, and visceral fat, 
as well as FMS features, such as tender point count (TPC), pain, disease activity, fatigue, sleep 
quality, and anxiety, in a population of FMS women and healthy controls. A total of seventy-three 
women with FMS and seventy-three healthy controls, matched on weight, were included in this 
cross-sectional study. We used a body composition analyzer to measure fat mass, fat mass 
percentage, and visceral fat. Tender point count (TPC) was measured by algometry pressure. The 
disease severity was measured with the Fibromyalgia Impact Questionnaire (FIQ-R) and self-
reported global pain was evaluated with the visual analog scale (VAS). To measure the quality of 
sleep, fatigue, and anxiety we used the Pittsburgh Sleep Quality Questionnaire (PSQI), the Spanish 
version of the multidimensional fatigue inventory (MFI), and the Beck Anxiety Inventory (BAI), 
respectively. Of the women in this study, 38.4% and 31.5% were overweight and obese, respectively. 
Significant differences in FIQ-R.1 (16.82 ± 6.86 vs. 20.66 ± 4.71, p = 0.030), FIQ-R.3 (35.20 ± 89.02 vs. 
40.33 ± 5.60, p = 0.033), and FIQ-R total score (63.87 ± 19.12 vs. 75.94 ± 12.25, p = 0.017) among normal-
weight and overweight FMS were observed. Linear analysis regression revealed significant 
associations between FIQ-R.2 (β(95% CI)= 0.336, (0.027, 0.645), p = 0.034), FIQ-R.3 (β(95% CI)= 0.235, 
(0.017, 0.453), p = 0.035), and FIQ-R total score (β(95% CI)= 0.110, (0.010, 0.209), p = 0.032) and BMI 
in FMS women after adjusting for age and menopause status. Associations between sleep latency 
and fat mass percentage in FMS women (β(95% CI)= 1.910, (0.078, 3.742), p = 0.041) and sleep quality 
and visceral fat in healthy women (β(95% CI)= 2.614, (2.192, 3.036), p = 0.008) adjusted for covariates 
were also reported. The higher BMI values are associated with poor FIQ-R scores and overweight 
and obese women with FMS have higher symptom severity. The promotion of an optimal BMI 
might contribute to ameliorate some of the FMS symptoms. 

Keywords: body mass index; fat mass; tender point counts; visual analog scale; disease severity; 
sleep; anxiety; fibromyalgia 
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1. Introduction 

Fibromyalgia syndrome (FMS) is a functional syndrome characterized by widespread pain and 
several associated symptoms including cognitive dysfunction, fatigue, sleep disorders, reduced pain 
threshold, and morning stiffness [1]. The etiopathogenetic of widespread pain in FMS is yet to be 
elucidated [2]. Abnormal endogenous pain modulation [3], reduced hypothalamic-pituitary-adrenal 
axis (HPA) activity [4], and immune system abnormalities [5] have been proposed as contributing 
factors to FMS. 

The link between FMS and obesity has not been thoroughly investigated [6]. However, the 
aforementioned dysfunctions have also been observed in obesity, a complex disorder defined as 
excessive fat accumulation in adipose tissue [7]. It has been reported that obese individuals 
experimented a decreased pain threshold to electrical or mechanical stimuli [8,9]. A large-scale survey 
study with over 1 million people in the US showed a linear increment of chronic pain cases as body 
mass index (BMI) increases [10]. In addition, previous findings indicated that obesity is associated 
with altered HPA activity [11]. Immune cells also play a main role in inducing low-grade chronic 
inflammation in obesity [12]. In fact, obesity has been associated with elevated levels of 
proinflammatory markers such as interleukins, C reactive protein (CRP), interferon (IFN)-γ, and 
tumor necrosis factor (TNF)-α [13,14]. 

Previous studies have shown that the prevalence of overweight and obesity is high in FMS 
patients, ranging from 62% to 73% [8,15–19]. Although increased BMI has been associated with 
multiple pain measures, symptom severity, disease activity, fatigue, anxiety, or quality of life in FMS 
patients, the results are still controversial [8,15–24]. Whereas, in some studies, obesity has been 
related to numerous FMS-related symptoms, other authors have reported a lack of association [8,16–
18,20,25,26]. These contradictory results observed may be explained by the differences in sample 
characteristics, such as age range or ethnicity, and methodological differences in the assessment of 
FMS symptoms. Therefore, further studies are needed to further evaluate the association between 
obesity and FMS. 

Nonrestorative sleep is a common problem in FMS patients [27,28]. Interestingly, it has been 
reported that women with sleep problems had significantly higher pain scores on the tender point 
index, and they reported significantly more symptoms of depressive and a more negative impact of 
FMS on functioning than those without sleep deficits [29]. Similarly, women with FMS showed 
poorer sleep quality and more fatigue as compared with controls, supporting the finding that self-
reported sleep quality and fatigue are associated with behavioral indicators of sleep quality in FMS 
women [30]. Considering the relevance of sleep problems in FMS, a recent study has proposed a 
machine learning method for detecting extreme cases of poor sleep and fatigue in FMS patients [31]. 

On the basis of the data evidence, it is suggested that optimal body weight may be one of the 
main factors in the management of FMS symptomatology [8,16–18,20,25,26]. However, previous 
work has included only BMI as a marker of obesity. The role of body composition measurements 
including fat mass, fat mass percentage, and visceral fat have not been widely examined and, to our 
knowledge, only one study has investigated the role of body fat mass on FMS features [25]. Body 
composition measurements might provide data to further understand the associations between 
obesity and FMS. 

Given that (1) a main goal in the management of FMS patients is the improvement of quality of 
life by ameliorating clinical symptomatology and (2) previous work has shown a high prevalence of 
overweight and obesity among FMS women, and therefore investigating the associations among 
obesity measurements and numerous FMS-related symptoms is of special interest. The purpose of 
this study was to examine the relationship between BMI and body composition parameters, including 
fat mass, fat mass percentage, and visceral fat, and FMS features, such as tender point count (TPC), 
pain, disease activity, fatigue, sleep quality, and anxiety, in a population of FMS women and healthy 
controls. 
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2. Materials and Methods 

2.1. Study Population 

A total of seventy-three women diagnosed with FMS according to the criteria of the American 
College of Rheumatology (ACR) of 1990 and seventy-three healthy controls matched on weight, aged 
30 and 70 years, were enrolled in this case-control study. We decided to perform this study only on 
women because FMS is most prevalent among middle-aged women, encompassing 75–90% of those 
diagnosed [32,33]. The higher frequency of FMS among women has been attributed to the fact that 
women tend to report more tender points than men [34] and feel pain more intensely at these sites 
[35]. Women with FMS were identified from the Granada Fibromyalgia Association (AGRAFIM, 
Spain) and Jaén Fibromyalgia Association (AFIXA). We recruited controls from friends and relatives 
of the patients, friends, and colleagues of controls, and the Faculty of Health Sciences (University of 
Granada) employees. The participants completed structured questionnaires regarding their medical 
history, medications, age of fibromyalgia diagnosis, and menopause status. The exclusion criteria 
included any medical condition that affected body weight such as a history of psychiatric illness, 
autoimmune disease, diabetes mellitus, thyroid dysfunction, as well as active infections, pregnancy, 
and breastfeeding. Women who were on antidepressant medication or taking sleeping pills also were 
excluded. Only one study visit was required for each subject. During the visit, informed consent was 
obtained, the objective of the study was explained, and any questions were answered. The study was 
approved by the Ethics Committee of the University of Granada. This research was performed in 
strict compliance with the international code of medical ethics established by the World Medical 
Association and the Declaration of Helsinki. 

2.2. Body Composition Measurements 

A body composition analyzer (TANITA BC-418MA®) was used to measure the percentage of fat 
mass, fat mass (kg), and visceral fat (without shoes and in light clothes) to the nearest 0.1 kg. Height 
was measured using a Harpenden stadiometer (Holtain 602VR®) to the nearest 0.5 cm, with 
participants again not wearing shoes. BMI was calculated by dividing weight and height squared 
(kg/m2). Body weight and height were measured twice. The average of each measure was used for 
the analysis. The same trained research assistant performed all the measurements. 

2.3. Pressure Pain Threshold (PPT) and Tender Point Counts (TPC) 

Algometry is a quantitative method for the assessment of tenderness commonly used in clinical 
practice [36]. PPT is defined as the minimal amount of pressure where a sensation of pressure first 
changes to pain [37]. A digital pressure algometer was used in this study. The device consisted of a 1 
cm2 rubber disk attached to a strain gauge which displayed values in kPa (Storz Medical AG, 
Tagerwilen, Switzerland). Participants’ PPTs were determined by gradually increasing the pressure 
applied by the algometer (at a rate of 1 kg/s) until the point when the sensation first became painful 
(participants were instructed to say “stop” at this point). The mean of 3 trials was calculated and used 
for the main analysis. A 30-s resting period was allowed between each recording. The reliability of 
pressure algometry was found to be high the same day (intraclass correlation coefficient, 0.91) [36] 
and between 4 separate days (intraclass correlation coefficient, 0.94–0.97) [38]. The PPT was assessed 
bilaterally over the 18 tender points considered by the American College of Rheumatology for FMS 
diagnosis. A tender point was considered positive if participants reported “pain” at or below a 
pressure of 4 kg. The total of such positive tender points was recorded as the individual’s TPC. The 
maximum score for TPC was 18. 

2.4. Visual Analog Scale (VAS) 

The global pain of the patient was assessed using the visual analog scale (VAS) pain score 0–10 
cm, with higher scores indicating more pain. The VAS was shown to be an important instrument in 
pain evaluation, being sensitive and specific in the assessment of pain in FMS [39]. 
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2.5. Fibromyalgia Impact Questionnaire (FIQ-R) 

The Spanish version of the FIQ-R was used to assess the impact of FMS symptoms on the 
physical and mental health of patients. This self-reported questionnaire consisted of twenty-one 
domains assessing physical impairment, number of days feeling good, work missed, ability to do 
work, pain, fatigue, rested, stiffness, anxiety, and depressive symptoms. The total score came from 
the sum of all subscales, where higher scores indicated a negative impact (0 to 100) [40]. 

2.6. Sleep Quality Index 

The validated version of the Pittsburgh Sleep Quality Questionnaire (PSQI) for the Spanish 
population was performed to evaluate the quality of sleep [41]. It consisted of 24 items, where the 
patients responded to 19 of these items and a person who lived in the same home (or hospital room) 
responded to the remaining 5. In this questionnaire the following 7 subdimensions were evaluated: 
subjective quality of sleep, sleep latency, sleep duration, sleep efficiency, sleep disturbances, sleep 
medication, and diurnal dysfunction. Each dimension was scored from 0 points (no problem) to 3 
points (serious problem), where the total score varied in a range from 0 to 21 points. Higher scores 
reported a poorer quality of sleep. The PSQI showed high reliability with a Cronbach’s alpha of 0.805 
[41]. 

2.7. General Self-Perceived Fatigue 

The Spanish version of the multidimensional fatigue inventory (MFI) was used to evaluate 
fatigue severity of patients with FMS [42]. This questionnaire contained the following 5 subscales: 
general fatigue, physical fatigue, mental fatigue, reduced activity, and reduced motivation. Each 
subscale included 4 questions with a score from 1 point to 5 points, where high scores indicated a 
higher degree of fatigue. The test–retest analysis of reliability showed an excellent domains 
correlation that ranged from 0.64 to 0.91 [42]. 

2.8. Anxiety 

The Beck Anxiety Inventory (BAI) was used to evaluate the psychological aspects and common 
symptoms of anxiety [43]. This questionnaire contained 21 items that assessed the severity of patient 
anxiety with a score range from 0 points (nothing anxiety) up to 3 points (a lot of anxiety). The total 
scores ranged from 0 to 63 points, where high scores indicated a higher degree of anxiety (17). The 
test–retest reliability analysis of the Spanish version showed high internal consistency with a 
Cronbach alpha of 0.91 [44]. 

2.9. Statistical Analysis 

Data were analyzed using SPSS© version 22.0 (IBM Corporation, Armonk, NY, USA). The 
Kolmogorov–Smirnov test was used to analyze the normality of the distribution of the variables (p > 
0.05) [45]. To compare the two groups, we used the Mann–Whitney U test and Student’s t-test for 
continuous data and X2 for categorical data. The differences in clinical variables between normal-
weight and overweight/obese women with FMS and healthy women were determined using analysis 
of covariance (ANCOVA) after adjusting for age and menopausal state [46]. Linear regression 
analyses were conducted to determine the associations among body composition status and VAS, 
TPC, FIQ-R, fatigue, sleep, and anxiety, after adjusting by age and menopausal state. The results were 
reported as a percentage change (β) with 95% confidence intervals (95% CI) and p-values of < 0.05 
were considered to be statistically significant. 
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3. Results 

3.1. Demographic and Clinical Characteristics 

The demographic and clinical characteristics of women with FMS and healthy controls are 
shown in Table 1. The mean age of the study population was 56.96 ± 9.23 years. On the basis of the 
BMI classification, 39.0% and 29.5% of the study women were overweight and obese, respectively. 
Note that the mean BMI was within the overweight range (28.66 ± 5.36 kg/m2). No significant 
differences were observed between FMS patients and healthy women with respect to height, weight, 
BMI, fat mass, fat mass percentage, and visceral fat. However, the mean and standard deviation of 
TPC, VAS, fatigue, sleep quality, and anxiety were significantly higher in FMS patients than in the 
controls (p < 0.05). The mean of the total score of FIQ-R was 73.08 ± 14.73. 

Table 1. Physical characteristics of women with fibromyalgia and healthy controls. 

 Cases (n = 73) Controls (n = 73) p value 
Age (years) 56.52 ± 7.49 57.40 ± 10.74 0.568 
Height (cm) 158.56 ± 5.89 158.26 ± 6.44 0.769 
Weight (kg) 71.87 ± 12.38 70.52 ± 11.52 0.497 
BMI (kg/m2) 29.11 ± 6.01 28.22 ± 4.61 0.317 

Body composition     
% Fat mass  37.48 ± 6.46 37.28 ± 5.86 0.842 

Fat mass (gr) 27.66 ± 9.54 26.82 ± 8.45 0.581 
Visceral fat 8.99 ± 3.06 8.93 ± 2.95 0.913 

TPC  17.56 ± 1.26 1.87 ± 3.46 <0.001 
VAS  7.40 ± 1.75 1.77 ± 2.62 <0.001 

FIQ-R    
FIQ-R.1 20.04 ± 5.39 -  
FIQ-R.2 13.92 ± 4.83 -  
FIQ-R.3 39.06 ± 6.96 -  

Total score 73.08 ± 14.73 -  
Fatigue    

MFI general fatigue 18.25 ± 2.22 9.76 ± 4.24 <0.001 
MFI physical fatigue 16.52 ± 2.75 9.38 ± 4.45 <0.001 
MFI mental fatigue 15.15 ± 1.65 11.58 ± 2.92 <0.001 

MFI reduced activity 15.05 ± 3.86 7.94 ± 4.28 <0.001 
MFI reduced motivation 14.36 ± 3.49 7.68 ± 3.49 <0.001 

Fatigue total score 79.33 ± 9.44 46.35 ± 15.64 <0.001 
Sleep Quality Index    

Sleep quality 2.31 ± 0.77 1.29 ± 0.75 0.010 
Sleep latency 2.30 ± 0.91 0.57 ± 0.78 0.001 

Sleep duration 2.12 ± 0.90 1.00 ± 0.57 0.001 
Habitual sleep efficiency 2.05 ± 1.07 0.14 ± 0.37 <0.001 

Sleep disturbances 2.29 ± 0.48 1.29 ± 0.48 0.001 
Sleeping medication 2.01 ± 1.33 0.57 ± 1.13 0.014 
Daytime dysfunction 2.30 ± 0.80 0.43 ± 0.53 <0.001 

Global score 15.44 ± 3.81 5.29 ± 2.43 <0.001 
Anxiety  33.11 ± 9.59 11.56 ± 10.19 <0.001 

BMI: body mass index, TPC: tender points count, VAS: visual analog scale, FIQ-R: revised 
Fibromyalgia Impact Questionnaire, FIQ-R.1: level of activity, FIQ-R.2: global impact, FIQ-R.3: 
symptoms intensity, MFI: multidimensional fatigue inventory. Numerical variables are shown as 
mean ± SD (Standard Deviation). 

3.2. Comparison of Clinical Variables between Normal-Weight and Overweight/Obese Women with FMS and 
Healthy Controls 

Table 2 shows the comparison of clinical variables between the normal-weight and 
overweight/obese FMS women and the healthy controls. For the FMS women, significant differences 
in FIQ-R.1(16.82 ± 6.86 vs. 20.66 ± 4.71, p = 0.030), FIQ-R.3 (35.20 ± 89.02 vs. 40.33 ± 5.60, p = 0.033) and 
FIQ-R total score (63.87 ± 19.12 vs. 75.94 ± 12.25, p = 0.017) among normal-weight and overweight 
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FMS were observed. For the healthy controls, we only observed that sleep quality was significantly 
poorer in obese women than in overweight women (p < 0.001). 

Table 2. Comparison of clinical data between normal weight and overweight/obese women with 
fibromyalgia and healthy women. 

 
Cases (n = 73) Controls (n = 73) 

Normal (n = 
17) 

Overweight/obese (n 
= 56) 

p 
Value 

Normal (n = 
21) 

Overweight/Obese (n 
= 52) 

p 
Value 

VAS  6.93 ± 2.28 7.57 ± 1.59 0.499 1.93 ± 2.52 1.68 ± 2.73 0.650 
TPC 17.80 ± 0.77 17.46 ± 1.41 0.590 1.33 ± 3.17 1.90 ± 3.72 0.257 

FIQ-R       
FIQ-R.1 16.82 ± 6.86 20.66 ± 4.71 0.030 - -  
FIQ-R.2 11.60 ± 4.96 14.89 ± 4.43 0.059 - -  
FIQ-R.3 35.20 ± 89.02 40.33. ± 5.60 0.033 - -  

Total score 63.87 ± 19.12 75.94 ± 12.25 0.017 - -  
Fatigue       

MFI general fatigue 18.73 ± 1.28 18.15 ± 2.40 0.421 9.27 ± 4.51 9.50 ± 4.03 0.918 
MFI physical 

fatigue 
16.13 ± 3.06 16.61 ± 2.72 0.614 8.73 ± 4.75 9.60 ± 3.90 0.690 

MFI mental fatigue 15.47 ± 1.45 15.24 ± 1.55 0.937 10.93 ± 2.12 11.57 ± 3.42 0.311 
MFI reduced 

activity 
13.47 ± 4.47 15.43 ± 3.64 0.150 7.87 ± 4.27 7.73 ± 4.29 0.984 

MFI reduced 
motivation 

14.00 ± 3.56 14.59 ± 3.48 0.566 8.40 ± 4.77 7.20 ± 2.68 0.253 

Fatigue total score 77.80 ± 9.44 80.02 ± 9.61 0.449 45.20 ± 18.60 45.60 ± 14.22 0.939 
Sleep Quality Index       

Sleep quality 2.40 ± 0.73 2.35 ± 0.71 0.888 0.67 ± 0.57 2.00 ± 0.83 <0.001 
Sleep latency 2.07 ± 1.10 2.46 ± 0.73 0.120 0.33 ± 0.57 2.00 ± 2.41 0.485 

Sleep duration 2.27 ± 0.96 2.19 ± 0.79 0.785 1.00 ± 0.00 0.50 ± 0.70 0.357 
Habitual sleep 

efficiency 
2.07 ± 1.10 2.13 ± 1.05 0.972 0.33 ± 0.57 0.00 ± 0.00 0.969 

Sleep disturbances 2.40 ± 0.50 2.26 ± 0.48 0.182 1.00 ± 0.00 1.50 ± 0.70 0.357 
Sleeping 

medication 
2.00 ± 1.36 2.08 ± 1.32 0.853 1.00 ± 1.73 0.50 ± 0.70 0.875 

Daytime 
dysfunction 

2.20 ± 0.67 2.35 ± 0.82 0.289 0.67 ± 0.57 0.50 ± 0.70 0.181 

Global score 15.40 ± 4.30 15.95 ± 3.22 0.712 5.00 ± 3.60 6.00 ± 2.82 0.539 
Anxiety  31.33 ± 1126 33.78 ± 9.35 0.441 11.33 ± 9.74 11.23 ± 11.07 0.893 

VAS: visual analog scale, TPC: tender points count, FIQ-R: revised Fibromyalgia Impact 
Questionnaire, MFI: multidimensional fatigue inventory, FIQ-R.1: level of activity, FIQ-R.2: global 
impact, FIQ-R.3: symptoms intensity. Numerical variables are shown as mean ± SD. 

3.3. Body Composition and VAS, TPC, FIQ-R, Fatigue, Sleep, and Anxiety 

Beta estimates and 95% CI for body composition parameters and VAS, TPC, FIQ-R, fatigue, sleep 
quality, and anxiety in the FMS women and the healthy controls are presented in Table 3 and Table 
4, respectively. Linear analysis regression revealed significant associations among FIQ-R.2 [β(95% 
CI)= 0.336, (0.027, 0.645), p = 0.034], FIQ-R.3 [β(95% CI)= 0.235, (0.017, 0.453), p = 0.035], and FIQ-R 
total score [β(95% CI)= 0.110, (0.010, 0.209), p = 0.032], and BMI after adjusting for age and menopause 
status in FMS women. Furthermore, an association between sleep latency and fat mass percentage 
adjusted for covariates was identified in the FMS patients [β(95% CI)= 1.910, (0.078, 3.742), p = 0.041]. 
Regarding the healthy controls, there were significant associations among fat mass and TPC [β(95% 
CI)= 0.884, (0.066, 1.703), p = 0.035] and reduced motivation assessed by MFI [β(95% CI)= -0.813, 
(−1.610, −0.016), p = 0.046] after adjusting by age and menopause status. Moreover, an association 
between sleep quality and visceral fat was identified β(95% CI)= 2.614, (2.192, 3.036), p = 0.008]. 
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Table 3. Associations among body composition, VAS, TPC, FIQ-R, fatigue, sleep, and anxiety in 
women with FMS. 

 
BMI % Fat Mass Fat Mass Visceral Fat 

β (95%CI) p 
Value β (95%CI) p 

Value β (95%CI) p 
Value β (95IC%) p 

Value 

VAS 0.226 (−0.619, 
1.070) 

0.595 −0.074 (−0.947, 
0.799) 

0.866 0.106 (−1.203, 
1.415) 

0.872 0.011 (−0.359, 
0.381) 

0.952 

TPC 
0.081 (−1.049, 

1.211) 0.887 
−0.217 (−1.382, 

0.948) 0.711 
−0.208 (−1.955, 

1.540) 0.813 
−0.007 (−0.502, 

0.487) 0.977 

FIQ-R         

FIQ-R.1 0.194 (−0.072, 
0.459) 

0.150 0.118 (−0159, 
0.395) 

0.398 0.168 (−0.247, 
0.584) 

0.421 0.050 (−0.067, 
0.167) 

0.399 

FIQ-R.2 
0.336 (0.027, 

0.645) 
0.034 

0.247 (−0.077, 
0572) 

0.133 
0.350 (−0137, 

0.838) 
0.156 

0.100 (−0.038, 
0.238) 

0.153 

FIQ-R.3 
0.235 (0.017, 

0.453) 
0.035 

0.130 (−0.100, 
0.361) 

0.262 
0.275 (−0.067, 

0.617) 
0.113 

0.077 (−0.020, 
0.173) 

0.120 

Total Score 
0.110 (0.010, 

0.209) 
0.032 

0.069 (−0.037, 
0.174) 

0.198 
0.117 (−0.040, 

0.274) 
0.143 

0.033 (−0.011, 
0.078) 

0.142 

Fatigue         
MFI general 

fatigue 
0.243 (−0.412, 

0.898) 
0.461 

0.083 (−0.595, 
0.761) 

0.808 
0.293 (−0.722, 

1.307) 
0.567 

0.088 (−0.199, 
0.375) 

0.543 

MFI physical 
fatigue 

0.442 (−0.068, 
0.953) 

0.088 
0.163 (−0.374, 

0.700) 
0.547 

0.264 (−0.541, 
1.069) 

0.514 
0.093 (−0.134, 

0.320) 
0.415 

MFI mental 
fatigue 

−0.852 (−1.822, 
0.118) 

0.084 −0.662 (−1673, 
0.350) 

0.196 −1.348 (−2.848, 
0.151) 

0.077 −0.414 (−0.836, 
−0.008) 

0.055 

MFI reduced 
activity 

0.236 (−0.137, 
0.609) 

0.211 
0.314 (−0.068, 

0.695 
0.105 

0.466 (−0.106, 
1.039) 

0.108 
0.118 (−0.044, 

0.281) 
0.150 

MFI reduced 
motivation 

0.164 (−0.26,7 
0.595) 0.449 

0.070 (−0.376, 
0.516) 0.756 

0.080 (−0.589, 
0.749) 0.812 

0.055 (−0.134, 
0.244) 0.561 

Fatigue total score 
0.090 (−0.061, 

0.242) 
0.238 

0.063 (−0.094, 
0.220) 

0.425 
0.093 (−0.142, 

0.329) 
0.432 

0.029 (−1.037, 
0.096) 

0.382 

Sleep Quality 
Index 

        

Sleep quality 
−0.449 

(−2.589,1.691) 
0.677 

0.372 (−1.825, 
2.569) 

0.736 
0.795 (−2.504, 

4.094) 
0.632 

0.148 (−0.789, 
1.084) 

0.753 

Sleep latency 
0.474 (−1.368, 

2.315) 
0.609 

1.910 (0.078, 
3.742) 

0.041 
2.744 (−0.019, 

5.506) 
0.052 

0.586 (−0.206, 
1.378) 

0.144 

Sleep duration 
−1295 (−3.167, 

0.577) 
0.171 

−1.401 (−3.328, 
0.526) 

0.151 
−1.753 (−4.685, 

1.178) 
0.236 

−0.608 (−1.424, 
0208) 

0.141 

Habitual sleep 
efficiency 

−0.561 (−2.130, 
1.008) 

0.477 −0.738 (−2.355, 
0.880) 

0.365 −0.838 (−3.295, 
1.620) 

0.498 −0.339 (−1.022, 
0.345) 

0.325 

Sleep disturbances 
2.434 (−0.651, 

5.520) 
0.120 

−0.576 (−3.806, 
2.655) 

0.723 
1.316 (−3.534, 

6.166) 
0.589 

0.227 (−1.147, 
1.600) 

0.743 

Sleeping 
medication 

0.792 (−0.403, 
1.986) 0.190 

0.301 (−0.941, 
1.542) 0.630 

0.636 
(−1.225,2.498) 0.497 

0.170 (−0.358, 
0.697) 0.523 

Daytime 
dysfunction 

1.165 (−0.779, 
3.109) 0.236 

1.448 (−0.536, 
3.432) 0.150 

2.682 (−0.273, 
5.636) 0.074 

0.621 (−0.224, 
1.467) 0.147 

Global score 
0.179 (−0.299, 

0.657) 
0.456 

0.143 (−0.352, 
0.638) 

0.565 
0.370 (−0.376, 

1.115) 
0.325 

0.071 (−0.138, 
0.280) 

0.500 

Anxiety 
0.107 (−0.045, 

0.259) 
0.163 

0.015 (−1.444, 
0.174) 

0.855 
0.095 (−0.142, 

0.333) 
0.425 

0.031 (−0.036, 
0.098) 

0.363 

BMI: body mass index, VAS: visual analog scale, TPC: tender points count, FIQ-R: revised 
Fibromyalgia Impact Questionnaire, MFI: multidimensional fatigue inventory, FIQ-R.1: level of 
activity, FIQ-R.2: global impact, FIQ-R.3: symptoms intensity. Linear regression models were adjusted 
for the covariates age and menopausal state. 
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Table 4. Associations among body composition, VAS, TPC, FIQ-R, fatigue, sleep, and anxiety in 
healthy women. 

 
BMI % Fat Mass Fat Mass Visceral Fat 

β (95%CI) p 
Value β (95%CI) p 

Value β (95%CI) p 
Value β (95IC%) p 

Value 

VAS −0.150 (−0.738, 
0.420) 

0.583 −0.335 (−1.028, 
0.359) 

0.335 −0.505 (−1.566, 
0.558) 

0.344 −0.125 (−0.429, 
0.179) 

0.412 

TPC 
0.324 (−0.135, 

0.782) 0.161 
0.380 (−0.174, 

0.933) 0.173 
0.884 (0.066, 

1.703) 0.035 
0.191 (−0.049, 

0.432) 0.116 

Fatigue         
MFI general 

fatigue 
−0.0.76 (−0.453, 

0.301) 
0.687 −0.273 (−0.720, 

0.174) 
0.225 −0.398 (−1.082, 

0.287) 
0.247 −0.109 (−0.306, 

0.087) 
0.267 

MFI physical 
fatigue 

0.089 (−0.289, 
0.467) 0.638 

−0.228 (−0.679, 
0.224) 0.314 

−0.161 (−0.858, 
0.535) 0.642 

−0.040 (−0.240, 
0.160) 0.687 

MFI mental 
fatigue 

−0.119 (0.654, 
0.416) 0.655 

−0.283 (−0.923, 
0.358) 0.378 

−0.534 (−1.508, 
0.439) 0.274 

−0.151 (−0.430, 
0.128) 0.280 

MFI reduced 
activity 

0.015 (−0.360, 
0.390) 

0.937 
−0.312 (−0.753, 

0.129) 
0.161 

−0.308 (−0.992, 
0.375) 

0.367 
−0.080 (−0.276, 

0.116) 
0.416 

MFI reduced 
motivation 

−0.313 (-0.757, 
0.131) 

0.162 
−0.488 (−1.015, 

0.038) 
0.068 

−0.813 (−1.610, 
−0.016) 

0.046 
−0.224 (−0.453, 

0.006) 
0.056 

Fatigue total 
score 

−0.018 (−0.118, 
0.083) 

0.726 
−0.091 (−0.209, 

0.026) 
0.124 

−0.120 (−0.301, 
0.061) 

0.188 
−0.032 (−0.084, 

0.020) 
0.214 

Sleep Quality 
Index 

        

Sleep quality 3.674 
(−0.503,7.851) 

0.057 8.190 (−1.303, 
17.684) 

0.058 9.329 (−7.253, 
25.911) 

0.088 2.614 (2.192, 
3.036) 

0.008 

Sleep latency 
2.660 (−35.889, 

41.209) 
0.542 

5.919 (−80.166, 
92.005) 

0.543 
6.400 (−96.221, 

109.020) 
0.573 

2.094 (−22.646, 
26.834) 

0.477 

Sleep duration 
−17.53 (−131.095, 

96.019) 0.300 
−39.140 

(−291.489, 
213209) 

0.299 
−45.870 

(−307.231, 
215.491) 

0.268 
−11.720 

(−107.85, 
84.413) 

0.365 

Habitual sleep 
efficiency 

−1.174 (−108.57, 
106.230) 

0.912 
−2.650 

(−242.079, 
236.778) 

0.911 
−4.068 (−276136, 

268.000) 
0.880 

−0.218 
(−77.016, 
76.580) 

0.977 

Sleep 
disturbances 

17.538 (−96.019, 
131.095) 0.300 

39.140 
(−213.209, 
291.489) 

0.299 
45.870 (−215.491, 

307.231) 0.268 
11.720 

(−84.413, 
107.853) 

0.365 

Sleeping 
medication 

0.278 (−32.486, 
33.042) 

0.932 0.611 (−72.459, 
73.681) 

0.933 0.383 (−83.640, 
84.405) 

0.963 0.382 (−22.462, 
23.226) 

0.867 

Daytime 
dysfunction 

9.660 (−38.406, 
57.726) 0.238 

21.525 (−86.124, 
129.174) 0.239 

24.160 (−114.031, 
162.351) 0.269 

7.083 (−17.951, 
32.118) 0.173 

Global score 
0.641 (−10.420, 

11.701) 0.596 
1.425 (−23268, 

26.119) 0.597 
1.524 (−27.722, 

30.770) 0.628 
0.515 (−6.696, 

7.725) 0.531 

Anxiety 
0.018 (−0.133, 

0.170) 
0.809 

−0.035 (−0.216, 
0.147) 

0.701 
−0.086 (−0.364, 

0.193) 
0.538 

−0.016 (−0.095, 
0.064) 

0.693 

BMI: body mass index, VAS: visual analog scale, TPC: tender points count, FIQ-R: revised 
Fibromyalgia Impact Questionnaire, MFI: multidimensional fatigue inventory. Linear regression 
models were adjusted for the covariates age and menopausal state. 

4. Discussion 

In this study we investigated the associations among several symptoms related to FMS and BMI 
and body composition by assessing fat mass, fat mass percentage, and visceral fat in a population of 
women with FMS and healthy controls. We found that BMI was significantly associated with disease 
severity assessed by FIQ-R. We also evidenced that overweight and obese women have poor FIQ-R 
scores than normal-weight women, supporting the negative effect of increased body weight on FMS. 
Furthermore, our results revealed that fat mass percentage is associated with sleep latency in FMS 
women, and visceral fat is linked to sleep quality in healthy controls, suggesting a deleterious effect 
of obesity on sleep characteristics in both FMS and healthy women. Additionally, we showed that fat 
mass was associated with TPC and reduced motivation as assessed by the MFI, supporting the 
negative role of increased fat mass also in healthy women. 

Obesity is a major concern for coexisting with FMS [6]. In our study sample, the prevalence of 
overweight/obesity in FMS women was 69.9% and the mean BMI was 29.11 kg/m2. Similar results 
were reported by Neumman et al., Okifuji et al., Kim et al., Aparicio et al., and Cordero et al. 
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[8,15,16,18,21]. In a survey conducted in 2569 FMS patients, 70% of patients had a BMI of 25 kg/m2 
and 43% had a BMI of 30 kg/m2 [47]. 

The role of BMI in the disease severity has been increasingly recognized [16,19,21,23]. Our results 
are consistent with prior research indicating that obese FMS patients have poor FIQ total scores. 
Aparicio et al. showed a positive relationship between BMI and FIQ subscales [18], and Kim et al. 
reported that groups with a higher BMI had more fibromyalgia-related symptoms and poor FIQ total 
scores, as well as poor scores in the FIQ subscales [16]. A recent study showed that BMI was positively 
correlated with FIQ in females with FMS [19]. A randomized controlled trial (RCT) also reported that 
weight loss in obese patients with FMS leads to significant improvements in the quality of life as 
shown by the decrease in the FIQ score [24]. Interestingly, the significant relationship between BMI 
and fibromyalgia impact has been proposed to be fully accounted for by physical factors and not by 
psychological factors, supporting the importance of counseling patients on physical factors (i.e., 
physical activity) that could improve the patients’ symptom experience [23]. Therefore, on the basis 
of our data and previous evidence, it should be stated that the management of FMS may include 
strategies to promote an optimal body weight among FMS patients. 

Sleep disturbance has been postulated as a potential link between obesity and FMS [26]. In fact, 
there is evidence that indicates an association between sleep quality and FMS, supporting that the 
presence of obesity may be involved with sleepiness in these patients [8,21,24,26]. Additionally, sleep 
problems have been reported to play a critical role in exacerbating FMS symptoms since sleep may 
predict subsequent pain in FMS patients [48]. We revealed that FMS patients with higher fat mass 
percentage have longer sleep latency, and therefore poorer sleep quality. Likewise, in healthy 
women, visceral fat was associated with sleep quality. These results support the negative effect of 
obesity on sleep characteristics in both FMS and healthy women. Although we reported for the first 
time this association in FMS patients, in the general population evidence supports the positive 
relationship between fat mass and sleep latency [49]. Since this association has not been published in 
a population of FMS patients, these findings should be considered as preliminary and need to be 
validated in independent studies. Nevertheless, in line with our study, Cordero et al. found an 
association between BMI and morning tiredness, and Okifuji et al. reported that obesity was related 
to shorter sleep duration and increased restlessness during sleep in FMS patients [8,21]. Similarly, 
Senna et al. indicated that patients with FMS who lost weight had better sleep quality [24], and de 
Araújo et al. observed that the presence of obesity might be involved with sleepiness in FMS patients 
[26]. However, it should be noted that none of the previous work has tested the association with fat 
mass, and therefore further prospective studies will be required to establish the cause and effect 
relationship between fat mass and sleep quality in FMS. 

We also reported a lack of relationships among pain score, TPC, fatigue, and anxiety and the 
BMI and body composition parameters. This finding is consistent with that reported by Yunus et al., 
where associations between BMI and the number of tender points and anxiety, as well as fatigue, 
were not statistically significant in a cohort of female patients with FMS [20]. Similarly, Zahorska-
Markiewicz et al. did not observe any significant relationship between BMI and TPC in obese groups 
as compared with a normal weight group [50]. However, it should be noted that our study found that 
fat mass was associated with TPC in healthy women. In addition, Okifuji et al. supported that obesity 
may be a risk factor for having pain in the general population [9]. Interestingly, previous evidence 
has reported that the relationship between obesity and pain is not direct and might be modulated by 
several factors including inflammatory mediators, structural changes associated with obesity, and 
lifestyle characteristics [9]. Therefore, the lack of association between TPC and obesity parameters in 
FMS women may be explained by the fact that the nature of this relationship is not direct, and 
therefore several interacting factors might exert a major contribution. It could be hypothesized that 
in patients with low-pressure pain thresholds and a high number of tender points, such as FMS 
patients, factors other than obesity could also play a relevant role. On the other hand, the lack of a 
relationship between obesity and fatigue observed in our study may be due to different reasons. First, 
previous evidence has indicated that sleep quality is related to metabolic factors such as obesity, 
whereas, fatigue appears to be related to psychological distress [51]. This fact could explain why 
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obesity is associated with sleep quality and not with fatigue. Secondly, it should be noted that fatigue 
was estimated by a self-assessment in our study. However, there are different types of fatigue 
measures including objective physical (posturography), objective mental (psychomotor vigilance 
task), subjective physical and mental (self-assessment), and objective and subjective realistic 
(oculomotor behavior, observer-rated facial expression, typing performance), and therefore 
subjective assessment of fatigue based on patient-reported outcomes has inherent limitations [52]. 
Further studies are needed to elucidate the relationship between obesity and objective measures of 
fatigue in FMS patients. 

This study has some limitations. First, due to its cross-sectional nature, casual relationships have 
not been established. In addition, since sleep quality was assessed by the PSQI, which is a self-
perceived questionnaire, recall bias is a inherent concern. An objective measure, such as 
polysomnography, is considered the gold standard to assess sleep quality [53]. However, it may not 
be feasible to carry this out in epidemiological studies with large study cohorts. Furthermore, PSQI 
is one of the most widely used and recommended instruments to measure sleep quality [41]. 
Secondly, our study sample consisted of a well-characterized population of FMS women, and 
therefore our data might not be generalizable to other populations. Another potential limitation of 
this study is that a possible selection bias may exist, due to the control group being recruited on a 
convenience sample. In addition, given the higher number of statistical interactions that have been 
tested, we have not eliminated the possibility that multiple testing could play a role in our results. 
However, the direction of the significant findings for the FIQ-R outcomes make it unlikely that our 
results could be explained by chance alone. Finally, the associations between FMS-related clinical 
symptoms assessed by the FIQ-R and obesity measurements were shown only in FMS cases, since 
the FIQ-R is a specific instrument for the evaluation of FMS patients and could not be evaluated in 
control. Therefore, we cannot discard that the association between BMI and FMS symptoms might be 
specific to FMS patients. Despite its limitations, the present study still has a number of strengths. To 
the best of our knowledge, this is the first study to examine the associations between body 
composition measurements including fat mass percentage and visceral fat and FMS-related 
symptoms in FMS patients. 

5. Conclusions 

In conclusion, our findings revealed that higher BMI values are associated with poor FIQ-R 
scores and that overweight and obese women with FMS have higher symptom severity. However, 
further work is required to validate whether this relationship is specific for FMS patients. The 
promotion of an optimal BMI might contribute to ameliorate some of the FMS symptoms. Thus, 
development and implementation of obesity prevention programs based on a balanced diet and 
increased physical activity to improve the severity of symptoms in FMS women are of special interest. 
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