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ABSTRACT

Objectives: This study aims to evaluate the coexistence of metabolic syndrome (MetS) and fibromyalgia syndrome (FMS) and determine the effects 
of this coexistence on neuroendocrine levels and clinical features of FMS.
Patients and methods: One-hundred female FMS patients (mean age: 40.1±7.8 years; range, 24 to 58 years) and 38 healthy females (mean age: 
40.4±5.8 years; range, 30 to 55 years) were included in this cross-sectional study. MetS was identified by using the criteria from the Adult Treatment 
Panel III. Widespread pain index, symptom severity score and number of tender points were determined. Visual analog scale, Fibromyalgia Impact 
Questionnaire, Fatigue Severity Scale, Beck Depression Inventory, and pain pressure threshold were used as the outcome measures. The severity of 
FMS was assessed with total myalgic score (TMS) and control point score.
Results: Twenty-four (24%) of the 100 FMS patients and three (7.9%) of the 38 control patients fulfilled the MetS criteria (p=0.047). The coexistence of 
FMS and MetS was associated with higher symptom severity score (p=0.004), widespread pain index (p=0.001), number of tender points (p=0.039), 
and lower total myalgic score (p=0.029) values. There was a significant association between the occurrence of FMS and MetS (odds ratio=3.76; 95% 
confidence interval: 1.04-13.4; p=0.043).
Conclusion: We found that patients with FMS had a nearly four times higher risk for MetS and the coexisting MetS may increase the severity of FMS. 
In clinical practice, when evaluating a patient with FMS, metabolic characteristics should also be evaluated.
Keywords: Fibromyalgia, metabolic syndrome, obesity, pain pressure threshold.

Fibromyalgia syndrome (FMS) is a condition 
characterized by widespread pain, muscle 
tenderness, and decreased pain threshold to 
pressure.1 The pathophysiology of FMS is still 
unknown. Abnormal regulation of central pain 
modulation,2 dysregulated hypothalamic-pituitary-
adrenal axis,3 and immunologic sensitivity4 are 
thought to augment pain associated with disability 
in FMS patients. These dysregulations and 

sensitivity are also found in obesity and metabolic 
syndrome (MetS).1 The prevalence rates of MetS 
are known to increase with obesity and physical 
inactivity.5 Sleep disturbances have also been 
associated with the development of MetS.6 Sleep 
disturbances and disability due to reduced physical 
activity are among the other characteristics of 
FMS.7 Since these clinical features intrinsic to 
FMS are also associated with MetS, patients 
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with FMS might be at greater risk for metabolic 
problems.8

There is, however, only limited data concerning 
the relationship between FMS and metabolic 
disturbances. Patients with FMS commonly 
have an elevated prevalence of overweight and 
obesity,3,9 insulin resistance,10 diabetes mellitus,11 
and MetS.8 Higher triglycerides and total 
cholesterol, as well as a higher prevalence of MetS 
have been observed in a cohort of fibromyalgia 
patients compared to controls.8 MetS indicates 
risk for cardiovascular disease, diabetes mellitus, 
and all-cause mortality.8,12 As defined by the 
Adult Treatment Panel III, MetS is a composition 
of central obesity, dyslipidemia, hypertension, 
and glucose intolerance.12 There are several 
similarities between FMS and MetS. Both have 
been characterized by sympathetic nervous 
system activation as evidenced by lowered heart 
rate variability and elevated norepinephrine (NE) 
levels,1,13,14 although peripheral samples do not 
always demonstrate these findings.15,16 In addition, 
both MetS and FMS have been associated with 
perturbations of hypothalamic-pituitary-adrenal 
axis, while the literature findings are controversial 
reporting mild hypercortisolism, hypercortisolism, 
and a flattening of the cortisol diurnal curve.1,13,17,18

To our knowledge, the coexistence of MetS 
in FMS patients and factors that contribute to 
the association between FMS and MetS are not 
fully established. Furthermore, the effects of the 
coexistence of MetS and FMS on the clinical and 
neuroendocrine features of the latter have not 
been well investigated. Therefore, in this study, 
we aimed to evaluate the coexistence of MetS and 
FMS and determine the effects of this coexistence 
on the neuroendocrine levels and clinical features 
of FMS.

PATIENTS AND METHODS

This cross-sectional study was conducted 
between February 2016 and September 2018 
at Ankara Training and Research Hospital. 
The estimated sample size was calculated 
using G*Power© 3.1 program (Heinrich-Heine-
Universität Düsseldorf, Düsseldorf, Germany) 
based on the study of Loevinger et al.8 The 
study initially included 150 female FMS patients 
and 50 healthy female hospital workers. All 

patients fulfilled the 2010 American College of 
Rheumatology preliminary diagnostic criteria for 
FMS.19 At the beginning of the study, medical 
histories of all recruited patients were recorded. 
The patients that had acute infectious disease 
within the previous three weeks, those with 
autoimmune, chronic or inflammatory diseases, 
vitamin D and iron deficiency, medical conditions 
requiring glucocorticoid treatment and those who 
were pregnant were excluded. Thyroid, liver or 
renal diseases, which are known to be associated 
with MetS, were also accepted as the exclusion 
criteria. Since males formed a more uniform 
patient sample with very low prevalence of 
FMS compared to females, they were excluded. 
Thirty-five individuals were excluded from the 
study based on the exclusion criteria. In addition, 
15 patients refused to participate in the study. 
Furthermore, of the 50 healthy female hospital 
workers initially considered for the study as 
the control group, 12 were excluded based 
on the same exclusion criteria. As a result, a 
total of 100 female FMS patients (mean age: 
40.1±7.8 years; range, 24 to 58 years) and 
38 female controls (mean age: 40.4±5.8 years; 
range, 30 to 55 years) constituted the sample 
of the study (Figure 1). The study protocol was 
approved by the Ankara Training and Research 
Hospital Ethics Committee. A written informed 
consent was obtained from each participant. 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

The demographics and medical histories of 
the patients were evaluated. Fasting glucose and 
insulin values, glycated hemoglobin, blood lipid 
profile, thyroid function tests, complete blood 
count, blood chemistry, iron, folic acid, and vitamin 
B12 levels of the participants were studied. The 
body mass index (BMI) was calculated as weight 
in kilograms divided by the square of the height 
in meters. Normal weight was defined as BMI 
18.5-24.9, overweight as BMI 25.0-29.0, and 
obesity as BMI ≥30 according to the World Health 
Organization (WHO) classification criteria.20

Waist circumference and waist/hip ratio were 
used to assess body fat distribution and specifically 
as indicators of intraabdominal or visceral fat 
deposition. The anthropometric assessments were 
performed by the first author. All subjects wore 
light clothes and no shoes. The total body weight 
was measured using a stable digital portable 
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scale with precision of 0.5 kg. Body height was 
measured with the subject standing barefoot with 
heels together, arms at the side, legs straight, 
shoulders relaxed, and the head in the horizontal 
plane. Waist circumference was measured using 
a spring scale while the subject was standing and 
wearing only underwear, at the end of gentle 
expiration at the level midway between the lower 
rib margin and the iliac crest (the cut-off point 
for cardiovascular disease risk was 88 cm for 
females as defined in the criteria of the WHO). 
Hip circumference was measured at the largest 
posterior extension of the buttocks. Waist/hip 
ratio was calculated by dividing these two values 
(the cut-off point for cardiovascular disease risk 
was 0.85 in females as defined in the criteria of 
the WHO).21

The diagnosis of MetS was established 
depending on the presence of at least three of 
the following parameters according to Adult 
Treatment Panel III-2001 criteria: abdominal 
obesity (increased waist circumference 102 cm 
for males and 88 cm for females), hypertension 
(systolic blood pressure [SBP] and diastolic blood 
pressure [DBP] ≥130/85 mmHg) or history of 
antihypertensive usage, hypertriglyceridemia 

(≥150 mg/dL) or presence of treatment for 
this disorder, low high-density lipoprotein 
(HDL) cholesterol (<40 mg/dL in males and 
<50 mg/dL in females) and high fasting plasma 
glucose (≥110 mg/dL) or presence of diagnosis 
of type 2 diabetes mellitus. The primary clinical 
outcome of MetS was identified as coronary heart 
disease/cardiovascular disease.12 Resting blood 
pressure (BP) was manually recorded in seated 
participants as the average of two measurements 
taken from the same arm.

Insulin resistance was calculated by the 
homeostasis model assessment (HOMA) formula 
(basal plasma glucose [mg/dL] ¥ basal plasma 
insulin [UI/mL]/405). The cut-off value for 
insulin resistance was HOMA >2.7.22 Glycated 
hemoglobin level was evaluated and a glycated 
hemoglobin level greater than 5.5% was associated 
with a significantly elevated cardiovascular risk.23

The Visual Analog Scale (VAS) was used to 
measure the intensity of pain (from 0 indicating 
no pain to 10 indicating the most severe pain ever 
experienced). The participants in both groups 
also completed the Beck Depression Inventory 
(BDI), a 21-item questionnaire frequently used 

150 Fibromyalgia patients assesed 
for eligibility

50 Healthy subjects assessed 
for eligibility

12 subjects excluded based on 
the exclusion criteria:

4-acute infection
5-vitamin D and iron deficiency

3-pregnancy

35 patients excluded based on 
the exclusion criteria:

5-acute infection
4-liver disease

10-thyroid disease
7-vitamin D and iron deficiency

5-glucocorticoid therapy
4-pregnancy

15 patients refused  to participate 
the study

100 Fibromyalgia patients evaluated

Group 1
24 Fibromyalgia patients fulfilled 
the Metabolic syndrome criteria

Group 2
76 Fibromyalgia patients did 

not fulfill the metabolic 
syndrome criteria 

35 healthy subjects 
did not fulfill the 

metabolic syndrome 
criteria    

Group 3
38 Healthy subjects evaluated

3 healthy subjects 
fulfilled the 

metabolic syndrome 
criteria 

Figure 1. Flow diagram of study.
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to measure depression in patients with chronic 
pain.24,25 According to the 2010 American 
College of Rheumatology preliminary diagnostic 
criteria for FMS, widespread pain index scores 
and symptom severity scores were determined. 
Tender point and control point examinations in 
the patients and controls were performed with 
a Fisher's tissue compliance meter, which is also 
used as a pressure pain algometer.26 Eighteen 
tender points and four control points (mid-thigh 
and thumbnail-bilateral) were evaluated. The 
patients were instructed to indicate when they 
first perceived pain. They were also informed 
that the investigation was aimed at determining 
the pain threshold, not pain tolerance. Then, 
pressure was increased at the rate of 1 kg/second 
until pain or discomfort occurred; the minimum 
force that caused pain was termed as the pain 
pressure threshold (PPT). A mean value of three 
measurements on each selected measuring point 
was used for determination of the PPT. The points 
that were painful with less than 4 kg/cm2 pressure 
were accepted as tender points. The tender point 
counts were noted. The severity of FMS was 
assessed based on total myalgic score (TMS) and 
control point score (CPS). The sum of the PPT of 
all 22 points (18 tender points and four control 
points) was calculated as TMS (kg/cm2) and the 
sum of those of the control points was recorded 
as CPS (kg/cm2).

The participants completed an overnight urine 
collection that began 12 hours before their 
wake-up time. Urinary cortisol, urinary NE, 
and plasma cortisol levels were determined. 
Urinary creatinine levels were measured and 
creatinine adjustment was undertaken to correct 
for low volume or incomplete void collection, 
and then the tests were repeated for these low or 
incomplete samples.

Fatigue was evaluated using the Turkish version 
of the fatigue severity scale (FSS).27 Current 
health status was evaluated using the Turkish 
version of the Fibromyalgia Impact Questionnaire 
(FIQ), which is a brief 10-item, self-administered 
instrument that measures physical functioning, 
work status, depression, anxiety, sleep, pain, 
stiffness, fatigue, and well being.28

After the evaluation, the study group was 
subdivided into three groups: group 1 consisting 
of comorbid FMS+MetS patients, group 2 

comprising pure FMS patients, and group 3 
containing the controls.

Statistical analysis

All statistical analyses were performed using 
the SPSS for Windows version 15.0 software 
(SPSS Inc., Chicago, IL, USA). Normality was 
assessed by skewness and kurtosis. Descriptive 
statistics were presented as means (standard 
deviations) for continuous variables and count 
(percentage) for nominal variables. All values 
were normally distributed. One-way analysis 
of variance (ANOVA) was performed on the 
data obtained from the two patient groups and 
the control group. Tukey's post hoc tests were 
conducted when ANOVA showed significant 
effects. The results were reported as mean 
± standard deviation. A chi-square test was 
performed to compare prevalence. Univariate 
logistic regression analysis was performed to 
assess the association between MetS or its 
individual components and FMS. The odds ratio 
(OR) and 95% confidence interval (CI) of FMS 
according to the number of components of MetS 
were also assessed. Stepwise linear regression 
analysis was undertaken to identify the factors 
affecting the FIQ.

RESULTS

Of the 100 FMS patients examined, 24 fulfilled 
(group 1) and 76 did not fulfill (group 2) the MetS 
criteria. Of the 38 controls (group 3) examined, 
three fulfilled these criteria. Table 1 shows the 
characteristics of the participants according to 
the presence of MetS. The age and BMI levels 
were similar in the three groups (p>0.05). Post 
hoc power analysis was performed to calculate 
achieved power of one-way ANOVA with TMS. 
Sample sizes of 24, 76 and 38 obtained from the 
three groups, whose means were to be compared, 
achieved 99% power to detect differences among 
the means versus the alternative of equal means 
using an F test with a 0.05 significance level and 
an effect size (partial eta squared) of 0.63.

Compared to the healthy females, the group 1 
and group 2 had higher VAS, number of tender 
points, CPS, FSS, and BDI values (p<0.001 for 
all). In contrast, the group 1 and group 2 did 
not differ in terms of VAS, CPS, FSS, FIQ, and 
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BDI values (p>0.05). On the other hand, the 
symptom severity (p=0.004), widespread pain 
index (p=0.001) and number of tender points 
(p=0.039) values were higher and the TMS values 
(p=0.029) were lower in group 1 (Table 1).

Body mass index values were similar in all 
groups (p>0.05); however, the number of obese 
patients was higher in group 1 (Table 1). Waist 
circumference (p<0.001, p=0.001, respectively), 
hip circumference (p=0.037, p=0.006, 
respectively) and waist/hip ratio values (p=0.037, 
p<0.001, respectively) were higher in group 1 
than group 2 and group 3. Waist circumference 
and hip circumference were not different 
(p>0.05), while waist/hip ratio was slightly higher 
in group 2 than  group 3 (p=0.045). The mean 
glycated hemoglobin (p=0.002 and p<0.001, 
respectively) and triglyceride (both p<0.001) values 
were higher and HDL values were lower (p=0.009 
and p=0.045, respectively) in group 1 than 

group 2 and group 3. The mean SBP (p<0.001 
and p=0.004, respectively) and DBP (p=0.003 
and p=0.006, respectively) were higher in all 
groups. However, the mean triglyceride, HDL, 
SBP and DBP values were not different between 
the three groups (p>0.05). Despite high BP values, 
the antihypertensive usage rates were very low in 
the two patient groups (Table 2). The urinary 
cortisol, urinary NE, plasma cortisol, thyroid-
stimulating hormone, T3, T4, Fe, folic acid, and 
vitamin B12 levels did not differ between the 
three groups (p>0.05).

The fasting plasma glucose values were 
significantly higher in group 1 (p<0.001), while 
they did not differ between group 2 and group 3 
(p>0.05). The mean glycated hemoglobin values 
were higher in group 1 than in group 2 and 
group 3 (p=0.02 and p<0.001, respectively), 
but they were not different between group 2 
and group 3 (p>0.05). The number of patients 

Table 1. Clinical and demographic characteristics of patient and control groups

FMS with MetS  (n=24)
Group 1

FMS without MetS (n=76)
Group 2

Control (n=38)
Group 3

n % Mean±SD n % Mean±SD n % Mean±SD p

Age (year) 41.1±7.8 39.7±7.8 40.4±5.8 >0.05

Body mass index (kg/m2) 29.0±4.7 28.1±4.9 27.5±3.8 >0.05

Body mass index (kg/cm2)
Obese (>30)
Overweight (25-29.9)
Normoweight (18.5-24.9)

13
7
4

54.2
29.2
16.7

18
29
29

23.7
38.2
38.2

6
13
19

15.8
34.2
50

0.019†*
0.06‡*

>0.05¶*

Visual Analog Scale 7.5±0.9 6.6±1.5 4.3±2.5 >0.05†
<0.001‡,¶

Antidepressant usage 16 66.7 32 42.1 - - 0.031

Symptom severity (0-12) 10.3±1.6 8.4±2.4 0.004

Widespread Pain Index (0-19) 15.7±2.5 12.5±3.2 - 0.001

Number of tender points (0-18) 16.8±1.3 15.6±2.4 6.8±1.8 0.039†
<0.001‡,¶

Control point score 11.5±4.9 14.9±7.2 29.0±6.5 >0.05†
<0.001‡,¶

Total myalgic score (kg/cm2) 50.8±17.0 63.8±23.9 123.3±23.9 0.029†
<0.001‡,¶

Fatigue severity scale 55.6±12.2 53.0±13.9 30.9±18.7 >0.05†
<0.001‡,¶

Fibromyalgia impact questionnaire 52.4±14.7 52.1±14.0 34.0±19.2 <0.001‡,¶
>0.05†

Beck depression inventory 24.4±12.2 24.5±12.6 12.5±10.8 <0.001‡,¶
>0.05†

FMS: Fibromyalgia syndrome; MetS: Metabolic syndrome; SD: Standard deviation; * Chi-square test statistics; † Groups 1-2; ‡ Groups; 1-3; ¶ Groups 2-3.



31Coexistence of fibromyalgia and metabolic syndrome

Table 2. Metabolic characteristics of patient and control groups

FMS with MetS  (n=24)
Group 1

FMS without MetS (n=76)
Group 2

Control (n=38)
Group 3

n % Mean±SD n % Mean±SD n % Mean±SD p

Waist circumference (cm) 95.5±10.3 84.8±12.1 84.4±9.4 <0.001†
0.001‡
>0.05¶

Hip circumference (cm) 108.2±7.5 103.1±9.2 101.3±6.9 0.037†
0.006‡
>0.05¶

Waist/hip ratio 0.9±0.1 0.8±0.1 0.8±0.1 0.037†
<0.001‡
0.045¶

Fasting plasma glucose (mg/dL) 122.2±6.8 93.8±10.8 93.3±10.4 <0.001†,‡
>0.05¶

Fasting plasma insulin (UI/mL) 11.2±6.3 10.4±7.2 6.6±3.7 0.03‡
0.013¶
>0.05†

Glycated hemoglobin (mmol/mol) 6.4±1.9 5.6±0.5 5.±0.5 0.002†
<0.001‡
>0.05¶

HOMA-index
a.HOMA-index+BMI >30
b.HOMA-index+BMI 25-29.9
c.HOMA-index+BMI 18.5-24.9

3.2±1.7
3.5±1.9
3.4±1.4
1.2±0.4

2.4±1.7
2.7±1.7
2.3±1.8
2.2±1.6

1.5±0.8
2.1±0.8
1.7±0.9
1.0±0.3

<0.001‡
0.014¶
>0.05†

Triglycerides (mg/dL) 189.5±83.9 118.6±51.2 110.5±39.8 <0.001†,‡
>0.05¶

Total cholesterol (mg/dL) 213.3±44.2 193.9±40.0 184.7±34.8 0.02‡
>0.05†,¶

HDL (mg/dL) 42.7±8.1 49.0±9.6 48.4±7.7 0.009†
0.045‡
>0.05¶

LDL (mg/dL) 132.9±36.5 119.8±33.0 116.8±31.1 >0.05†,‡,¶

Antihypertensive usage 7 29.2 6 7.9 7 18.4 0.013†*
0.001‡*
>0.05¶*

Hypertension (>130/85) 17 70.8 19 25.0 - -

Systolic pressure (mmHg) 135.6±24.0 117.1±15.6 120.5±16.7 <0.001†
0.004‡
>0.05¶

Diastolic pressure (mmHg) 82.3±13.4 72.4±9.3 76.6±10.1 0.003†
0.006‡
>0.05¶

Urinary norepinephrine (µg/24 h) 16.9±6.2 16.4±15.6 17.4±8.4 >0.05†,‡,¶

Urinary cortisol (µg/24 h) 51.8±23.7 46.7±24.1 41.7±20.3 >0.05†,‡,¶

Plasma cortisol (µg/dL) 12.6±5.5 14.1±18.3 10.6±4.4 >0.05†,‡,¶

Thyroid stimulating hormone (µIU/mL) 1.7±0.9 2.0±1.5 1.7±0.8 >0.05†,‡,¶

T3 (pg/mL) 3.0±0.3 3.1±0.4 3.1±0.3 >0.05†,‡,¶

T4 (ng/dL) 1.1±0.1 1.1±0.2 1.1±0.1 >0.05†,‡,¶

Iron (µg/dL) 66.3±33.1 66.0±27.2 86.3±44.7 >0.05†,‡,¶

Ferritin (ng/mL) 35.8±41.6 21.9±20.1 25.3±22.2 >0.05†,‡,¶

B12 (pg/mL) 300.9±146.9 293.1±127.0 318.0±125.8 >0.05†,‡,¶

Folic acid (ng/mL) 11.8±5.7 10.8±4.2 10.5±3.4 >0.05†,‡,¶
>0.05†,‡,¶

FMS: Fibromyalgia syndrome; MetS: Metabolic syndrome; SD: Standard deviation; HOMA: Homeostasis model assessment; BMI: Body mass index; HDL: High-density lipoprotein; LDL: Low-density 
lipoprotein; * Chi-square test statistics; † Groups 1-2; ‡ Groups; 1-3; ¶ Groups 2-3.
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with a glycated hemoglobin risk level of >5.5 
was 18 (75%) in group 1, 35 (46.1%) in group 2, 
and nine (23.7%) in group 3 (p<0.001). The 
glycated hemoglobin risk levels were higher in 
both patient groups than the control group. 
The fasting plasma insulin and HOMA indexes 
were similar in FMS patients with and without 
MetS (p>0.005), while they were lower in 
the healthy controls (p=0.03 and p=0.013, 
respectively). The insulin resistance calculated 
with HOMA was present in 16 patients (66.7%) 

in group 1, 25 patients (32.9%) in group 2, and 
five individuals (13.2%) in group 3 (p=0.026 and 
p>0.001, respectively).

Table 3 presents the association between 
MetS components and FMS. Univariate logistic 
regression analysis was performed to assess 
the association between MetS or its individual 
components (independent variables) and FMS 
(dependent variables). There was a significant 
association between the occurrence of FMS and 
MetS (OR=3.76; 95% CI: 1.04-13.4; p=0.043). 
The number of MetS components was significantly 
higher in all the patients with FMS (1.79±1.13) 
than the healthy controls (1.13±1.06) (p=0.001). 
Additionally, the number of MetS components 
was found to be significantly correlated with 
the scores of symptom severity (r=0.315, 
p=0.001) and widespread pain index (r=0.428, 
p<0.001) of the FMS patients. Abdominal obesity 
(OR=3.19; 95% CI: 1.33-7.65; p=0.009), high 
BP (OR=2.49; 95% CI: 0.99-6.22; p=0.046) 
and hypertriglyceridemia (OR=3.47; 95% CI: 
1.13-10.66; p=0.03) components of MetS in 
FMS patients were significantly higher than the 
controls, but this significance was not observed 
in cases of low HDL and fasting hyperglycemia. 
Waist/hip ratio (OR=2.6; 95% CI: 1.04-6.49; 
p=0.041) and HOMA risk (OR=3.2; 95% CI: 
1.12-9.14; p=0.03) were higher in group 2 than 
group 3.

Table 4. Models obtained from stepwise linear regression analysis for Fibromyalgia Impact 
Questionnaire in FMS patients

Model (Fibromyalgia Impact Questionnaire) R2 Adjusted R2 Factors added

FMS with MetS group

1 0.564 0.533 Beck depression inventory

2 0.763 0.726 Diastolic blood pressure

3 0.875 0.844 Systolic blood pressure

4 0.921 0.892 Urinary norepinephrine

5 0.955 0.933 Visual Analog Scale

FMS without MetS group

1 0.450 0.439 Fatigue severity scale

2 0.564 0.547 Beck depression inventory

3 0.611 0.588 Visual Analog Scale

4 0.647 0.619 Fasting plasma insulin

FMS: Fibromyalgia syndrome; MetS: Metabolic syndrome.

Table 3. Univariate logistic regression analysis for 
MetS and its components in FMS patients

OR 95% CI p

Metabolic syndrome 3.76 1.04-13.4 0.043

Abdominal obesity 3.19 1.33-7.65 0.009

High blood pressure 2.49 0.99-6.22 0.046

Fasting hyperglycemia 1.44 0.37-5.48 >0.05

Hypertriglyceridemia 3.47 1.13-10.66 0.03

Low HDL-cholesterol 1.07 0.5-2.27 >0.05

Waist/hip ratio risk 2.6 1.04-6.49 0.041

HOMA risk 3.2 1.12-9.14 0.03

MetS: Metabolic syndrome; FMS: Fibromyalgia syndrome; OR: Odds Ratios; 
CI: Confidence interval; HDL: High-density lipoprotein; HOMA: Homeostasis 
model assessment.
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Multivariate linear regression analyses were 
conducted to identify the affecting factors for 
current health status assessed with the FIQ. The 
models obtained from the regression analysis 
of the FIQ in FMS patients with and without 
MetS are shown in Tables 4 and 5. In group 1, 
regression analyses showed that increased BDI 
(R2=0.53), increased DBP (R2=0.09), increased 
SBP (R2=0.12), decreased urinary NE (R2=0.05), 
and increased VAS (R2=0.04) were associated 
with higher FIQ values. BDI was found to 
be a more prominent factor for FIQ score in 
group 1. In group 2, the regression analysis 
showed that increased FSS (R2=0.43), increased 
BDI (R2=0.11), increased VAS (R2=0.04) scores, 
and increased fasting plasma insulin (R2=0.03) 
were associated with higher FIQ values. The 
FSS score was found to be a more prominent 
factor in FIQ values in patients without MetS 
(Tables 4 and 5).

DISCUSSION

In this study, we found that patients with 
FMS had a 3.76 times higher risk of MetS than 
demographically similar females without FMS. 
Several positive associations were found between 
FMS and MetS or its components, particularly in 
terms of abdominal obesity, hypertriglyceridemia, 
and high BP. Additionally, insulin resistance, 
which was calculated based on HOMA, and 

glycated hemoglobin risk levels were significantly 
higher in group 2 than group 3. The regression 
analyses showed that high BP and decreased 
urinary NE levels in group 1 and fasting plasma 
insulin levels in group 2 were associated with 
poor general health levels and increased levels 
of pain, depression, and fatigue. However, in the 
clinical practice, there are various limitations to 
determine insulin resistance such as the lack of a 
standardized universal insulin assay and the lack 
of data demonstrating that markers of insulin 
resistance have an effect on insulin treatment.

Loevinger et al.8 found that patients with FMS 
were more prone to developing MetS with a 
5.6 times higher risk than demographically similar 
females without chronic pain. Females with FMS 
presented with larger waist circumference, higher 
BP, and higher levels of glycated hemoglobin 
and triglycerides. Both waist circumference and 
waist/hip ratio (but not BMI or weight) were 
higher in females with FMS. However, the authors 
did not report any relationship between MetS and 
pain severity or fatigue.8 In this study, we found 
that female patients with FMS had a 3.76 times 
higher risk of MetS than those without FMS. 
We found significant relationships between MetS 
and the pain and disease severity parameters of 
FMS; however, we did not identify any significant 
difference between the two patient groups 
regarding depression, fatigue or the FIQ values 
although these variables were different from the 

Table 5. Results of stepwise linear regression analyses to predict Fibromyalgia Impact Questionnaire

95% CI for B

Model (Fibromyalgia Impact Questionnaire) B SE b p Lower bound Upper bound

FMS with MetS group

Beck depression inventory 0.937 0.105 0.704 0.00 0.703 1.171

Diastolic blood pressure -0.744 0.133 -0.758 0.00 -1.040 -0.448

Systolic blood pressure 0.225 0.073 0.450 0.012 0.061 0.388

Urinary norepinephrine -0.178 0.046 -0.303 0.003 -0.280 -0.077

Visual Analog Scale 4.597 1.659 0.221 0.020 0.900 8.294

FMS without MetS group

Fatigue severity scale 0.515 0.100 0.508 0.00 0.315 0.716

Beck depression inventory 0.317 0.109 0.295 0.005 0.098 0.536

Visual Analog Scale 2.208 0.832 0.233 0.11 0.538 3.878

Fasting plasma insulin 0.400 0.176 0.194 0.027 0.047 0.754

CI: Confidence interval; B: The unstandardised regression coefficient; SE: Standard error; FMS: Fibromyalgia syndrome; MetS: Metabolic syndrome.
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healthy controls. In recent years, clinical interest 
has shifted from depression to the influence of 
anxiety on pain perception and pain behavior, 
while in this study, we did not evaluate the anxiety 
level of our patients.

Both obesity and physical inactivity predispose 
to the development of insulin resistance, which 
is the hallmark of MetS. Visceral fat is also a 
central feature of this syndrome. The increased 
release of free fatty acids from visceral fat 
impairs insulin clearance by the liver and alters 
peripheral metabolism. The reduced production 
of adiponectin by the fat cells is another 
potential player in the development of insulin 
resistance.29,30 This condition is common in 
subjects with metabolic disorders, which is a 
driving force in the development of dyslipidemia 
and hypertension, although its prevalence 
varies among clinical conditions.31,32 Fava et 
al.10 showed that fibromyalgia patients with 
memory impairment had higher prevalence of 
insulin resistance than the control group. Insulin 
resistance was present in 79% of patients with 
FMS and cognitive impairment. In the current 
study, we found that insulin resistance was 
significantly higher in FMS patients than in 
the control group despite the normal fasting 
glucose levels. Moreover, we found that FMS 
patients without MetS had a higher waist/
hip ratio and a higher insulin resistance rate 
than the healthy controls despite the similar 
mean BMI values. Therefore, we consider that 
insulin resistance may lead to predisposition to 
metabolic disturbances not only in FMS patients 
with MetS, but also in those without MetS.

It has been shown that there is a relationship 
between perceived stress, increased muscle 
tension, and elevated BP, as mediated by the 
sympathetic nervous system.33 In a study that 
assessed BP and metabolic factors in relation 
to chronic pain, it was found that subjects with 
widespread pain were more obese and had 
higher levels of fasting glucose, cholesterol, and 
office-measured SBP than the controls.34 Our 
regression analysis revealed that among the MetS-
related components, BP in FMS patients with 
MetS and fasting plasma insulin in FMS patients 
without MetS were related with the FIQ score. 
A systematic review showed that hypertensive 
patients had lower scores for the physical and 
mental components of Short Form 36.35 We 

observed that our FMS patients with and without 
MetS had uncontrolled hypertension, and a 
significant number of these patients had not taken 
any medication. We also observed that the higher 
FIQ scores were related with higher SBP and DBP 
values in FMS patients  with MetS. Therefore, we 
consider that high BP is a serious problem for 
FMS patients besides other MetS components 
and is related to the poor general health of these 
patients.

Goodson et al.36 investigated the association 
between chronic pain and cardiovascular risk. 
Chronic pain was found to be associated with 
elevated cardiovascular disease risk scores 
calculated from the Framingham 10-year coronary 
heart disease risk. In another study, waist/hip ratio 
was reported as a significant predictor of acute 
myocardial infarction among males and females 
without an enlarged waist circumference.37 In our 
study, high waist/hip ratio, which is associated 
with cardiovascular risk, was found in all FMS 
patients with and without MetS. Therefore, it may 
be expected that the coexistence of MetS and 
FMS is an important risk factor for cardiovascular 
diseases and mortality. Similarly, Goodson et al.36 
found that patients with the highest pain intensity 
had the highest prevalence of MetS. In a study by 
Andersson,38 chronic widespread pain was related 
with increased mortality. In this study, the FMS 
patients with MetS had more widespread and 
severe pain than the FMS patients without MetS. 
Additionally, we found that the FMS patients with 
MetS had higher disease severity. This suggests 
that MetS is a factor that increases the severity 
of FMS.

Fibromyalgia syndrome has often been 
described as a stress-related disorder. The body’s 
two stress systems, hypothalamic-pituitary-
adrenal axis and the sympathetic nervous system, 
are altered in FMS; however, the results on the 
specific changes are heterogeneous.39 For both 
systems, hyperactivity as well as hypoactivity 
in basal functioning and acute stress responses 
have been reported.39,40,41 Yunus et al.16 showed 
no significant differences between the FMS and 
control groups in terms of the catecholamine 
levels and found no correlation between the 
catecholamine levels and clinical features or 
psychological measures. In the current study, 
we did not identify any difference between the 
three groups regarding the urinary cortisol, NE, 
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and plasma cortisol levels. Additionally, there 
was no correlation between urinary and plasma 
cortisol levels and clinical features of FMS. 
Adler et al.42 showed that females with FMS had 
normal 24-hour urinary free cortisol levels and 
normal diurnal patterns of adrenocorticotropic 
hormone and cortisol. The epinephrine response 
to hypoglycemia correlated negatively with 
overall health status as measured by the FIQ 
in fibromyalgia patients. In a study by Riva et 
al.,43 urinary catecholamines and heart rate were 
assessed for a 24-hour period in a controlled 
hospital setting. The authors found that single 
time point NE levels were not significantly 
different between the female FMS and control 
groups. On the other hand, we found a negative 
relationship between FIQ and urinary NE levels 
in the FMS patients. Our FMS patients with MetS 
had taken more antidepressant medications than 
our FMS patients without MetS. In the literature, 
it was shown that antidepressants reduced the 
whole body NE turnover while enhancing the 
6-hydroxymelatonin output.44 Therefore, we were 
not able to interpret this finding. Additionally, 
weight gain is a very common problem during 
antidepressant treatment, and this leads to 
patient noncompliance.45 However, in this study, 
we did not consider weight gain or effect of 
medication on BMI.

Loevinger et al.46 identified four distinct 
subgroups in FMS patients: Subgroup I 
exhibited childhood maltreatment and 
hypocortisolism. Subgroup II exhibited more 
physiological dysregulation, high levels of pain, 
fatigue, disability, and warning signs of MetS. 
Subgroup III was characterized by normal 
biomarkers and intermediate pain severity. Finally, 
subgroup IV exhibited less disability, pain, and 
psychological well being. These subgroups had 
nearly identical tender point counts. In our patient 
group with FMS and MetS, we mostly observed 
subgroup II features except hypocortisolism. This 
subgroup analysis may help select patient-specific 
treatment approaches.

This study has some limitations. We did 
not evaluate the anxiety level of our patients. 
Moreover, we did not consider weight gain or 
effect of medication on BMI. Other limitations are 
the lack of assessment of sleep disturbance and 
physical activity levels of the patients.

In conclusion, we found that the patients 
with FMS had a nearly four times higher risk 
for MetS and the coexisting MetS may increase 
the severity of FMS. In clinical practice, when 
evaluating a patient with fibromyalgia, metabolic 
characteristics should also be evaluated.
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