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Abstract

The aim of this study is to examine the relationship between insulin resistance and fatigue in fi-
bromyalgia. A total of 72 patients (4 males, 68 females) with fibromyalgia (FM) was investigated.
Patients were divided into two groups by insulin resistance (IR), group 1; IR- (n=49), and group
2; IR+ (n=23). IR was determined using homeostasis model assessment (HOMA) formula. All
subjects were evaluated with serum 25 (OH) D vitamin levels. The severity of the disease was
measured with the Fibromyalgia Impact Questionnaire (FIQ); the level of fatigue was evaluated
with Fatigue Severity Scale (FSS); and the pain level was evaluated with Visual Analog Scale
(VAS). There were significant differences between the FIQ and FSS mean scores of two groups
(IR+ and IR-), (p=0.031, p=0.005). There were no significant differences between two groups in
respect to VAS and serum 25 (OH) D vitamin levels (p=0.789, p=0.875). There was no significant
correlation be-tween vitamin D and FSS (IR+, r=-0.263, p=0.225; IR-, r=0.112, p=0.443), and also
vitamin D and FIQ (IR+, r=-0.103, p=0.641; IR-, r=0.050, p=0.733) in both groups. There was no
relationship be-tween insulin resistance and fatigue symptom in fibromyalgia patients, but it was
observed that the severity of fatigue was higher in the group with insulin resistance.
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1. Introduction

Fibromyalgia (FM) is a non-articular chronic disease characterized by widespread musculoskeletal
pain, morning stiffness and excessive tenderness at specific anatomical points. In addition to pain,
this condition is mostly reported with fatigue, disruption of sleep, impaired cognition, depression,
irritable bowel disease with unknown etiology. The disease is more frequent in female adults with
a prevalence of 2.4% and 6.8% (1).

Fatigue is a complicated and annoying symptom that is obstinately permanent for both patients
with fibromyalgia and their physicians as shown by substantially recent studies (2). Fatigue is a
frequent complaint in FM at least as much as pain. In this condition patients use several
manifestations to describe their experience of fatigue such as ‘I am tired’, ‘I have no energy’ and
‘I feel worn out’ or ‘I am exhausted’. It has been pointed out that there is a concurrence among
patients that FM-associated fatigue is more intense than normal fatigue (3).

The relationship between chronic pain and metabolic disorders is not still well known. But FM is
seen prevalently between 40-70% people who are overweight or obese (4), people who are diabetes
mellitus in overweight or obese, (5) and also who has metabolic syndrome (6).

Previous studies have shown that severe conditions predispose to the development of IR such as
obesity, physical inactivity (7), Alzheimer (8), Multiple Sclerosis (9) and Parkinson Disease (10).
All these studies have suggested that biological changes in glucose and insulin may be associated
with signs of fatigue.

It has been shown that the presence of insulin resistance (IR) increases the chance of falling in
patients with fibromyalgia 1.8 times and it is suggested that symptoms of FM may influence
muscle strength (11). In a similar study, it is reported that IR is a significant parameter for memory
issues in FM patients (12).

The relationship between metabolic disorders and fatigue in FM patients have been studied less
frequently than the other FM-related symptoms. Therefore, we aimed to establish the pathogenetic
relationship between fatigue severity and IR in patients with FM which may lead to new
approaches in the management of this disorder.

2. Materials and Methods

A total of 72 patients with FM who applied to Physical Medicine and Rehabilitation and
Endocrinology outpatient clinics between Sep 2018-Feb 2019 at SANKO University Sani
Konukoglu Research and Practice Hospital were included in this retrospective study. The study
protocol was approved by the University Ethics Committee for Clinical Trials (Decision No:
2018/08-07; Date: 24 July 2018). Patients newly diagnosed with fibromyalgia according to the
American College of Rheumatology (ACR) diagnostic criteria were included in this study (13).
Age, gender, height and weight were recorded according to the data obtained from the patients'
files. BMI was calculated as weight in kilograms divided by height in meters squared (kg/m?). We
obtained basal plasma glucose and insulin levels of patients from their files. IR was calculated by
the homeostasis model assessment HOMA formula (HOMA formula: basal plasma glucose
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(mg/dl) x basal plasma insulin (Ul/ml/405). Finally, it was accepted that patients with more than
2.5 values had insulin resistance. We also examined the vitamin D levels of the patients who were
admitted with fatigue, weakness and exhaustion. Serum 25 (OH) D vitamin (ng/ml) levels were
reported. We used 30 ng/ml as a distinctive marker in this study (absence below 29 ng/ml, normal
value 30 ng/ml and above) (14).

Patients were classified into two groups, based on the presence of insulin resistance:
Group 1; IR-: 49 FM patients without insulin resistance
Group 2; IR+: 23 FM patients with insulin resistance

We excluded patients with a history of thyroid disease, infection, malignancy, neuromuscular
diseases, severe cardiovascular and pulmonary diseases, chronic liver and kidney disease, severe
anemia, pregnancy, patients with severe osteoarthritis and those who used drugs effective in the
central nervous system such as antiepileptic, antidepressant, pregabaline and opioids in order to
eliminate reasons that may cause of fatigue. We also did not include patients with diabetes and
body mass index (BMI)> 25 taking into account impaired IR in diabetes mellitus and obesity.

We used some health related quality of life instruments to evaluate symptoms of FM. Severity of
FM is measured with the Fibromyalgia Impact Questionnaire (FIQ) which measures physical
functioning, work status (off days of work and job difficulty), mood, morning tiredness, pain,
stiffness, fatigue, and well-being over the past week. Scores range from 0 to 100 with a higher
value indicating a greater impact of the disorder (15). Fatigue is evaluated by using The Fatigue
Severity Scale (FSS) which is measures how fatigue affects motivation, exercise, physical
functioning, carrying duties, interfering with work, family and social life scoring each indicator on
7-point Likert scale, (1 = | totally disagree, to 7 = | totally agree). A total score of 36 or higher
indicates severe fatigue (16). Generalized pain experienced in the last week assessed by using
Visual Analog Scale (VAS), on a 0 (no pain) to 10 (worst pain) rating scale. FIQ, FSS and VAS
parameters were obtained from the baseline records of patients.

The study was conducted in accordance with the principles of the Declaration of Helsinki.

Statistical Analysis

IBM SPSS Statistics 23 package program was used for statistical analyses (SPSS Inc., Chicago,
IL, USA). Descriptive statistics were given as mean * standard deviation, median (minimum-—
maximum), frequency and percentage. Normality of data was evaluated with Shapiro-Wilk test.
Independent samples t-test or Mann-Whitney U test was used for comparison of two groups
according to distribution of data. Pearson’s correlation coefficient was used for assessing
relationships between continuous variables. For all analyses p<0.05 was considered statistically
significant.

3. Results and Discussions
In this study 72 FM patients (4 males, 68 females) were enrolled. Totally 23 patients (31.9 %) had

insulin resistance. Demographic characteristics of the groups are presented in Table 1. Age, height,
weight and BMI were similar in both groups (p>0.05).
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Significant differences between the groups were observed with the results of the FIQ and FSS
(p<0.05). However, no significant difference was detected between groups for the results of VAS
and serum 25 (OH) D vitamin (p>0.05). Vitamin D levels were below 30 ng / ml in both groups
(Table 1).

There was no significant correlation between vitamin D and FSS (IR+, r=-0.263, p=0.225; IR-,
r=0.112, p=0.443, respectively), and also vitamin D and FIQ (IR+, r=-0.103, IR-, p=0.641;
r=0.050, p=0.733, respectively) in both groups.

Table 1: Characteristics of study groups

Variables Group IR- (n=49) | Group IR+ (n=23) p
Mean+SD Mean+SD
or or
Median (IQR) Median (IQR)
Age 36.35 + 10.26 37.13+11.56 0.773a
Height (cm) 162.71 + 5.67 164.70 £ 7.10 0.207a
Weight (kg) 60.14 + 5.96 62.04 + 7.62 0.253a
BMI (kg/m2) 22.45+1.82 2291+1.73 0.314a
FIQ 59.22 + 11.55 65.47 £ 10.48 0.031a
FSS 5.49 £ 0.88 6.06 + 0.50 0.005a
VAS 7.55 £ 1.66 7.44 +1.83 0.789a
Serum 25 (OH) |  14.50 (15.65) 14.20 (12.80) 0.875b

3Independent samples t-test, "Mann-Whitney U test, IR-: without Insulin Resistance, IR+: with Insulin Resistance;
SD: Standard Deviation; IQR: Interquartile Range; BMI: Body Mass Index; FIQ: Fibromyalgia Impact Questionnaire;
FSS: Fatigue Severity Scale; VAS: Visual Analog Scale

4. Conclusions and Recommendations

In the present study, we investigated the prevalence of IR in 72 female patients with
normoglycemic FM. Both groups had BMI<25 in patients who did not have diabetes and metabolic
syndrome. This study revealed that FM patients with IR+ had higher prevalence of disease activity
which was assessed by FIQ and fatigue symptoms than the patients with IR-. Both groups showed
no significant difference in VAS parameters and vitamin D levels.

FM is one of the main causes of diminished physical functioning along with fatigue (17).
Individuals with FM revealed that the intensity of fatigue is often more severe and troublesome
than pain. Indeed, studies have shown that chronic pain (both due to central and peripheral
sensitization), sleep disturbance, negative mood, anxious affect or combination of all these
symptoms are related with fatigue. Differences such as medical use, physical activity, antiepileptic,
life style changes and educational level may affect the symptoms of disease severity and fatigue
in patients with FM (18).
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Bonora and Bosco et al. showed that remarkable number of subjects was IR+ without metabolic
syndrome in healthy population (19, 20). In this study, there is no healthy control group to compare
the effect of insulin resistance. The evaluation was only performed on the patients with FM.

Cakit et al. found that obesity have significant negative effects on pain, severity of disease and
quality of life in normoweight and overweight patients with FM (21). A similar study has shown
that higher BMI levels are associated with clinical findings of FM (22). Although it is not clear
how obesity affects FM symptoms, epidemiological data indicates that fibromyalgia patients
compared with healthy patients are commonly obese (40%) and overweight’s (30%) in multiple
studies. Sleep disorders, depression, anxiety, thyroid gland dysfunction, GH/IGF-1 axis disorder,
the disruption of endogenous opioid system may explain why obesity develops in FM. The
relationship between obesity (by insulin resistance) and chronic pain is very complex, besides it is
possible to explain whether exercise can decrease pain and/or recover metabolic changes due to
obesity. Studies have shown that insulin resistance is more common in patients who are obese or
overweight fibromyalgia than those with normal weight (4). These results are explained by the
connection between reduced physical activities in obese or sedentary individuals. Fibromyalgia
patients tend to inactivity due to fatigue. Most fibromyalgia patients describe that they couldn't
even do daily activities. The FIQ is a useful tool to assess physical activity in patients with FM.
On the other hand, the increase in FIQ scores in the IR+ group seems to be consistent with fatigue
symptoms in this study. Since the individuals with FM are frequently overweight or obese, the
development of IR may be inevitable. Unlike previous studies, the striking point of our study was
that we did not include BMI> 25 patients in this study to eliminate the expected fatigue symptoms
in clinically obese and overweight individuals.

IR has been related to an increased risk for falls in the FM patients with chronic pain. In fact, there
are evidence that acute pain can lead to insulin resistance and insulin metabolism disorder through
the neural elements mediated mechanism, but evidences exploring the link between chronic pain
and metabolic disturbances is still unknown. Moreover, insulin resistance results in changes in the
metabolism of muscles by stimulating the loss of lean muscle mass (23). These findings may attend
to the presence of the fatigue and low aerobic exercise capacity in patients with IR.

Similar to our study, Fava et al. correlated the “memory deficit’ seen in fibromyalgia with insulin
resistance (12). It is known that there is a close relationship between fatigue, stress, memory deficit
and depression. Therefore, according to our results IR may be a potential factor affecting on fatigue
due to chronic stress through noradrenergic responses to induced hyperinsulinemia. Similarly, in
a very recent study, Pappolla et al. reported that HbAlc levels, an indicator for impaired glucose
metabolism characterized by IR, were significantly increased in FM patients compared to the
control group (24). These studies suggest that insulin resistance may be associated with the most
drastic symptoms of the disease, such as fatigue related pain.

It is well known that insulin resistance is a key feature of metabolic syndrome (MS). IR has been
shown as the major supporter link between physical inactivity and MS (25). Dysregulation of
hypothalamic pituitary axis with chronic pain and fatigue induced hypocortisolism are associated
development of IR and metabolic syndrome, and also FM (26).
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In our study IR was present in 31% of all patients. However, this result cannot be the full
explanation whether insulin resistance is associated with fatigue symptoms in FM when it is
considered the other factors such as vitamin D levels, exercise, diet and lifestyle. Because of these
factors, we also reviewed the vitamin D levels believed to contribute to fatigue in subjects.

In our study, there was no correlation with vitamin D, fatigue and fibromyalgia impact scale in
both IR+ and IR- groups. There are many studies evaluating vitamin D levels in fiboromyalgia and
chronic musculoskeletal diseases, but the results are contradictory. Ozcan et al. showed that the
levels of fatigue in patients with vitamin D levels below 20 ng/mL increased dramatically (27).
Roy et al. found out vitamin D deficiency among 77.2% of patients who do not have severe chronic
disease (28). The same authors reported that vitamin D replacement significantly reduced fatigue
levels. In another study, including 130 patients diagnosed with FM, Kasapoglu et al. found no
significant association between low vitamin D levels and fatigue in both FM group and healthy
control groups (29).

Environmental factors are as a potential contributor to insulin resistance related fatigue. It is well
known that trained subjects and those with regular physical activity as a lifestyle have high levels
of insulin sensitivity/insulin action. But patients tend to be sedentary behaviours and physical
inactivity in FM. In a recent study Bjersing et al investigated that how metabolic factors correlate
to the effects of resistance training and found that significant reduction in insulin-like growth factor
1 and leptin levels, improvement in pain, fatigue and muscle strength in lean patients with FM
(30). In a similar study Busch et al showed that aerobic and strength training improves physical
fitness and decrease fibromyalgia symptoms (31).

The current study has some limitations. There was no control group including individuals without
FM therefore we were unable to compare the fatigue severity between FM and controls. In
addition, the study consisted mostly female patients. We believe that further prospective controlled
studies are necessary and it can be provided large scale studies including more male patients on
the relationship between IR, fatigue and severity of FM symptoms. Future studies should aim to
determine IR+ in patients with FM and to investigate how fatigue will respond to rehabilitation
interventions to enhance aerobic capacity and individualized aerobic exercises. These results may
vary in studies conducted in populations with different characteristics such as genetic factors,
psychological variables, exercise or dietary habits.

In conclusion, our results support the need to consider that IR may be a risk factor of fatigue
severity in patients with FM and if confirmed, it might be an assessment of fatigue symptoms in
FM patients. Thus, fibromyalgia patients may be administered a drug therapy or an exercise
program targeting insulin resistance, which significantly reduces the symptoms of fatigue.
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