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Abstract
Objectives: Fibromyalgia (FM) patients have an increased risk for glucose metabolism disturbances, and impaired glucose
tolerance may be associated with symptom severity. Elevated levels of plasma lactate have been detected in FM patients. Both
pyruvate and lactate are produced in glucosemetabolism and reflect oxidative metabolism. The objective of our study was to analyse
disturbances in glucose, pyruvate, or lactate metabolism in FM patients.

Methods:We measured plasma levels of glucose, pyruvate, and lactate during an oral glucose tolerance test in 40 non-diabetic,
female FM patients and 30 age- and gender-matched healthy controls.

Results: FM patients showed a higher glycaemic response to the glucose load at 1 hour (F [1,68] = 10.4, P= .006) and 2hours
(F [1,68] = 7.80, P= .02), and higher glucose area under the curve (13.8 [SD 2.92] vs 11.6 [SD 2.31], P< .01), than healthy controls.
Group differences were explained by higher body mass index and percentage of smokers among the FM patients. Pyruvate and
lactate levels were similar in both groups.

Discussion: Impaired glucose regulation in FM patients is likely not due to FM itself, but to associated lifestyle factors. Our results
highlight the importance of assessing the glucose regulation status and the lifestyle factors affecting glucose regulation in FM patients
for prevention or early treatment of diabetes and associated complications.

Trial Registration: ClinicalTrials.gov (NCT03300635)

Abbreviations: ACR1990 = American College of Rheumatology 1990 diagnostic criteria for fibromyalgia, ACR2016 = American
College of Rheumatology 2016 modified diagnostic criteria for fibromyalgia, ANOVA = analysis of variance, AUC = area under the
curve, BMI = body mass index, CSF = cerebrospinal fluid, CWP = chronic widespread pain, DM = diabetes mellitus type 2, FIQ =
fibromyalgia impact questionnaire, FM = Fibromyalgia, GADAb = glutamate decarboxylase antibodies, HbA1c = glycated
haemoglobin, IGR = impaired glucose regulation.
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KEY MESSAGES

� Fibromyalgia is associated with an increased risk of
metabolic syndrome or diabetes

� Fibromyalgia patients have a greater glycaemic response
to a glucose load than do healthy controls

� The difference in the glycaemic response is explained by
overweight and smoking, both are modifiable risk factors
1. Introduction

Fibromyalgia (FM) is a common pain condition, defined as
chronic widespread pain in combination with either widespread
tenderness to palpation,[1] or by the severity of comorbid
symptoms such as fatigue, sleep, and mood disturbance,[2] thus
presenting a multifaceted health burden.[1,2]

While some predictors for the development of FM are known,
such as local chronic or recurrent pain and sleep disturbances,[3]

the exact pathophysiological mechanisms remain unclear. The
diffuse nature of FM symptoms suggests a systemic cause or
mediator.
Disturbances of glucose metabolism are among the possible

pathophysiological factors associated with FM or chronic
widespread pain (CWP). Metabolic syndrome and type 2
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diabetes mellitus (DM) are common comorbidities of FM.[4–7]

Disturbances of glucose metabolism may also be associated with
severity of FM. Higher glucose levels raise the level of glycated
haemoglobin (HbA1c) and higher HbA1c has been reported to be
associated with a greater number of tender points in patients with
both FM and DM.[4] A connection between impaired glucose
regulation and memory impairment in FM has also been
reported.[8]

Glucose is the main source of energy for human cells and an
indispensable energy source for the brain.[9] Glucose is converted
into pyruvate through glycolysis. Pyruvate is then further
metabolized either anaerobically by lactase hydrogenase into
lactate, or aerobically in the mitochondrial respiratory chain.
Aerobic metabolism makes far more energy available to the cell
than does anaerobic. However, aerobic metabolism is limited by
the availability of oxygen and thus by blood flow, as well as by
the number and functioning of mitochondria. The conversion of
pyruvate into lactate therefore increases in anaerobic conditions.
During heavy physical activity lactate can supplement some of the
energy requirements of the brain.[10] Glycolysis and the lactate
hydrogenase reaction are reversible, and pyruvate and lactate can
be converted to glucose in the liver and stored as glycogen or
transported out to be used by other tissues.[11]

Several studies have used microdialysis to analyse interstitial
metabolite concentrations in muscles. They have shown elevated
levels of pyruvate and lactate in the muscles of FM and CWP
patients, compared with healthy controls.[12,13] Elevated lactate
and pyruvate levels have also been detected during microdialysis
of painful muscles in other musculoskeletal pain conditions.[14,15]

Elevated lactate levels have also been measured in the ventricular
cerebrospinal fluid (CSF) of FM and chronic fatigue syndrome
patients, compared with controls.[16]

Pyruvate and lactate levels in the circulating blood of FM
patients have been less studied. However, Gerdle et al. found
elevated plasma lactate levels in FM patients compared with
controls, but no difference in plasma pyruvate levels.[17]

FM patients have also shown altered responses to hyper-
insulinaemia and hypoglycaemia, as the adrenocorticotrophin,
adrenalin, cortisol, and growth hormone responses are reduced
compared with healthy controls, suggesting insulin resistance and
thus possibly decreased glucose tolerance.[18–20]

We hypothesized that, compared with healthy controls, FM
patients would 1) have impaired glucose tolerance in an oral
glucose tolerance test, 2) show elevated plasma pyruvate and
lactate levels in response to the glucose load due to abnormalities
in glucose metabolism, and 3) exhibit FM symptom severity
correlating with impaired glucose regulation and pyruvate and
lactate levels.

2. Materials and methods

2.1. Study subjects

We conducted this study as part of a project comprising three
elements: a mental stress test, an oral glucose tolerance test, and
bicycle ergometry. The recruitment process has been described
previously.[21]

The exclusion criteria were diabetes, heart disease, peripheral
atherosclerotic disease, uncontrolled hypertension, neurological,
neuromuscular, or muscle disease, severe psychiatric disorders,
continuous use of beta-blockers, beta-agonists, or statins, any
musculoskeletal condition that would prevent performing bicycle
ergometry, and poor command of Finnish.
2

Fifty-one female FM patients aged 18 to 65years and 31 age-
and gender-matched healthy controls, who had entered our
study, were invited to undertake the oral glucose tolerance test.
As we were losing patients to attrition after the first study visit,
four additional patients were recruited from the Helsinki
University Pain Clinic and primary health care in the Helsinki
metropolitan area, to ensure a minimum number of 40 FM
patients. This resulted in a total of 55 patients being invited. The
sample size was based on recruiting the maximum number of
patients and matched volunteers available during the funding
period of the study.
Fourteen FM patients did not attend this part of the study for

one or more of the following reasons: schedule conflicts with
work, travel, etc. (n=5); worsening of FM symptoms (n=2);
other health complaints (n=6); could not be contacted (n=2);
other (n=2). One control subject did not attend due to health
complaints. In total, samples were collected from 40 FM patients
and 30 healthy controls.
We used the American College of Rheumatology 1990

diagnostic criteria (ACR1990) for the diagnosis of FM.[1] The
2016 modified diagnostic criteria (ACR2016) were also assessed
to improve comparability between our work and other studies
using these criteria.[2] Thirty-five of the 40 FM patients (87.5%)
fulfilled both ACR1990 and ACR2016 criteria. One patient did
not complete the ACR2016 questionnaire.
We recorded medical history, height, and weight and

calculated the body mass index (BMI). The FM patients
completed the Finnish version of the Fibromyalgia Impact
Questionnaire (Finn-FIQ), which measures both the severity of
FM symptoms and the impact of symptoms on daily functioning
on a scale of 0 to 100.[22,23] Subjects completed a questionnaire
detailing, among others: subjective physical fitness rated as “1:
Worse than average,” “2: Average,” or “3: Better than average;”
leisure time physical activity habits with a scale for frequency
rated from “1: None” to “4: Several times per week;” and a scale
for leisure time activity intensity rated from “1: Walking” to “4:
Brisk running.” A physical activity score ranging from 3 to 11
was calculated as a sum of these three items. Sleep quality was
rated with two questions, “Do you have trouble sleeping?” (yes/
no), and “Do you wake during sleep?” rated as “1: Not usually,”
“2: 1 to 2 times per night,” “3: 3 to 4 times night,” and “4: At
least 5 times per night.”
The study complied with the Declaration of Helsinki. All study

subjects gave written informed consent. The study protocol was
approved by the Ethics Committee of the Helsinki and Uusimaa
Hospital District (229/13/03/02/2015) and registered in Clin-
icalTrials.gov (NCT03300635).
2.2. Blood samples and oral glucose tolerance tests

The oral glucose tolerance tests and blood sample collection were
performed at the Helsinki University Hospital laboratories
Meilahti facility by Helsinki University Hospital laboratories
staff.
Study subjects were instructed to fast for 10 to 12hours before

the visit and to avoid any non-essential medication and strenuous
exercise during the previous day and on the morning of the visit,
and to cancel the visit if they were sick.
The visit began between 7 and 9 a.m. First, venous blood

samples were taken from the cubital vein. Fasting blood glucose
(Glucose0h, mmol/L) and pyruvate (Pyruvate0h, mmol/L), fasting
serum lactate (Lactate0h, mmol/L) were analysed from this
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sample. Starting from the ninth FM patient and the eighth
control, serum glutamate decarboxylase antibodies (GADAb, IU/
mL) were also analysed. The presence of GADAb is a risk factor
for the onset of type 1 diabetes mellitus.[24]

Glucose samples were taken in fluoride citrate tubes,
centrifugated, and measured photometrically using the hexoki-
nase method. One mL of venous blood was drawn without stasis
for the Pyruvate samples into EDTA tubes, then 0.5mL was
pipetted into two pre-chilled tubes containing 1mL of 8%
perchloric acid each. Then the contents of the two tubes were
carefully mixed and centrifugated and measured enzymatically
by photometry. Lactate samples were drawn without a stasis into
fluoride oxalate tubes and measured photometrically. GADAb
samples were drawn into serum gel tubes and measured with an
accredited enzyme immunoassay using recombinant human
Gad65 protein as antigen.
Then the subjects drank a water solution containing 75g of

glucose within five minutes or less. One hour after drinking the
glucose solution, the second venous blood samples were taken for
the measurement of glucose (Glucose1h). After two hours, the
final samples were taken for the measurement of glucose
(Glucose2h), lactate (Lactate2h), and pyruvate (Pyruvate2h).
We calculated the area under the curve (AUC) for glucose

(AUCgluc), pyruvate (AUCpyru), and lactate (AUClact), using the
linear trapezoidal method.
The samples were collected between December 2015 and

February 2019.
Table 1

Descriptive data.
2.3. Assessment of glucose regulation

The subject was judged as having impaired glucose regulation
(IGR) if Glucose0h > 6.0mmol/L, Glucose1h > 8.6mmol/L, or
Glucose2h > 7.7mmol/L.[25] Glucose2h of > 11.0mmol/L is
diagnostic for diabetes.
FM (n=40) Control (n=30) P

Age (yr)
Mean (SD) 45.9 (10.9) 45.6 (11.7) .923
Median [Min, Max] 47.0 [23.0, 65.0] 48.0 [22.0, 61.0]

BMI (kg/m2)
Mean (SD) 27.8 (5.87) 24.7 (3.27) .007
Median [Min, Max] 26.5 [19.3, 45.4] 24.5 [19.1, 32.2]
Missing 1 (2.5%) 1 (3.3%)

BMI class
Normal weight 14 (35.0%) 16 (53.3%) .012
Overweight 25 (62.5%) 13 (43.4%)
Missing 1 (2.5%) 1 (3.3%)

Smoking
Non-smoker 30 (75.0%) 28 (93.3%) .27
Smoker 7 (17.5%) 2 (6.7%)
Missing 3 (7.5%) 0 (0%)

Physical Activity Score (3–11)
Mean (SD) 6.82 (1.67) 8.23 (1.83) .002
Median [Min, Max] 7.00 [4.00, 11.0] 9.00 [4.00, 11.0]
Missing 1 (2.5%) 0 (0%)

Physically Active (Physical Activity Score ≥ 7)
Active 14 (35.0%) 20 (66.7%) .017
Inactive 26 (65.0%) 10 (33.3%)

Sleep disturbance
No 9 (22.5%) 27 (90.0%) <.001
Yes 30 (75.0%) 3 (10.0%)
Missing 1 (2.5%) 0 (0.0%)

Glutamate decarboxylase antibodies (IU/mL)
< 10 31 (77.5%) 22 (73.3%) .216
Missing 9 (22.5%) 8 (26.7%)
2.4. Statistical analysis

We compared the values between the groups with Student t-test
for numerical variables and x2-test for categorical variables.
To compare changes over time in the glucose, pyruvate, and

lactate levels between the groups, we conducted two-way mixed
analysis of variance (ANOVA) testing. We handled missing data
with the k-nearest-neighbours imputation. We checked for
extreme outliers using the boxplot method, and for normality
of distribution using the Shapiro-Wilk test (P> .05). We used a
logarithmic transformation on any non-normally distributed
data for further analysis. We tested for homogeneity of variance
using the Levene’s test (P> .05).
We analysed the effect of lifestyle factors on AUCgluc, AUCpyru,

and AUClact with factorial ANOVA using type II sum of squares.
We considered BMI, smoking, physical activity, and sleep
disturbance as likely covariates. We treated these lifestyle factors
as dichotomous variables as elaborated below. We conducted
post hoc testing with Tukey’s honest significant difference test.
BMI was dichotomized as normal weight (BMI 18.5 – 25) or

overweight (BMI>25). Physical activity was dichotomized by
physical activity score of < 7 as inactive and ≥ 7 as active. This
cut-off level also produced the most balanced category sizes.
Sleep disturbance was defined by the subject reporting both sleep
problems and waking from sleep at least three times per night.
Smoking was a dichotomous categorical variable (non-smoker or
smoker).
3

We used the Pearson correlation coefficient to evaluate
whether symptom severity (FIQ score) correlated with fasting
levels of glucose, pyruvate, or lactate, or with their AUCs
(AUCgluc, AUCpyru, andAUClact). The significance level was set to
P< .05 and the data were analysed using R version 4.0.0 (The R
Foundation for Statistical Computing 2020).
3. Results

FM patients and controls did not differ in age, as this was
matched in the study design. FM patients had significantly higher
BMIs and lower physical activity scores and were more likely to
smoke and to have sleep disturbance, than the controls. None of
the subjects were underweight. GADAbs were not detected in any
of the subjects (Table 1).
FM patients had higher glucose1h, glucose2h, as well as higher

AUCgluc than the controls. However, the groups did not differ in
fasting glucose and pyruvate and lactate levels or AUCpyru and
AUClact. (Table 2)
Seventeen FM patients (41%) and six controls (20%) were

found to have IGR or DM, though this tendency was not
significant at the < 0.05 significance level (x2=2.73, P= .10).
One FM patient had a two-hour glucose level of > 11.0mmol/L,
was diagnosed with DM and excluded from further analyses.
3.1. Glucose, pyruvate, and lactate levels

The glucose, pyruvate, or lactate data contained no extreme
outliers. The glucose and pyruvate levels were normally

http://www.md-journal.com


Table 2

Result data.

FM (n=40) Control (n=30) P

Impaired glucose regulation
Yes 16 (40.0%) 6 (20.0%) .128
No 24 (60.0%) 24 (80.0%)

Glucose at 0h (mmol/L)
Mean (SD) 5.49 (0.554) 5.31 (0.493) .177
Median [Min, Max] 5.40 [4.50, 6.80] 5.30 [4.30, 6.40]

Glucose at 1h (mmol/L)
Mean (SD) 7.94 (2.23) 6.38 (1.77) .003
Median [Min, Max] 7.80 [3.90, 12.5] 6.50 [3.70, 9.70]
Missing 3 (7.5%) 2 (6.7%)

Glucose at 2h (mmol/L)
Mean (SD) 6.20 (1.44) 5.27 (1.27) .006
Median [Min, Max] 6.30 [3.70, 10.3] 5.00 [3.40, 7.90]
Missing 0 (0%) 1 (3.3%)

Glucose AUC (mmol�h/L)
Mean (SD) 13.8 (2.92) 11.6 (2.31) .002
Median [Min, Max] 13.2 [8.70, 20.6] 11.3 [7.55, 16.3]
Missing 3 (7.5%) 3 (10.0%)

Pyruvate at 0h (mmol/L)
Mean (SD) 91.8 (13.5) 92.4 (15.8) .869
Median [Min, Max] 91.0 [66.0, 122] 92.0 [61.0, 133]
Missing 1 (2.5%) 1 (3.3%)

Pyruvate at 2h (mmol/L)
Mean (SD) 99.9 (12.6) 102 (15.1) .487
Median [Min, Max] 99.0 [81.0, 139] 102 [73.0, 134]
Missing 5 (12.5%) 3 (10.0%)

Pyruvate AUC (mmol�h/L)
Mean (SD) 95.8 (11.3) 97.7 (14.0) .581
Median [Min, Max] 94.5 [73.5, 124] 96.8 [67.0, 134]
Missing 5 (12.5%) 4 (13.3%)

Lactate at 0h (mmol/L)
Mean (SD) 0.929 (0.351) 0.890 (0.420) .685
Median [Min, Max] 0.900 [0.500, 2.20] 0.800 [0.500, 2.10]
Missing 2 (5.0%) 0 (0%)

Lactate at 2h (mmol/L)
Mean (SD) 1.35 (0.353) 1.37 (0.280) .842
Median [Min, Max] 1.40 [0.700, 2.20] 1.40 [0.900, 2.00]
Missing 5 (12.5%) 3 (10.0%)

Lactate AUC (mmol�h/L)
Mean (SD) 1.11 (0.242) 1.09 (0.222) .689
Median [Min, Max] 1.10 [0.700, 1.70] 1.05 [0.750, 1.60]
Missing 6 (15.0%) 3 (10.0%)

Figure 1. Blood glucose (mmol/L), pyruvate (mmol/L), and lactate (mmol/L)
levels for fibromyalgia patients (red) and healthy controls at baseline and 1h and
2h after an oral glucose test.

∗∗
significant group difference P< .01 (Tukey’s

HSD).
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distributed, but the lactate levels were left-skewed and we
therefore used logarithmic transformation for their further
analysis. The variance of the data was homogeneous.
In the ANOVA, glucose was affected by group (F[1,68] = 10.9,

P< .01) and time (F[1.7,115.29] = 54.6, P< .01). There was also
a significant group-time interaction (F[1.7,115.29103.81] = 6.6,
P< .01) (Fig. 1). In post hoc testing after Bonferroni correction,
the baseline glucose levels at 0hour were similar between the
groups, but the glucose levels of the FM patients were
significantly higher at 1hour (F[1,68] = 10.4, P< .01) and 2h
(F[1,68] = 7.80, P= .02).
Both the pyruvate and lactate levels rose significantly from 0

hour to 2hour in response to the glucose tolerance test (F[1,68] =
28.2, P< .01 and F[1,68] = 83.5, P< .01), but there was no
difference between the groups (F[1,68] = 0.32, p=0.58 and F
[1,68] = 0.08, P= .78) (Fig. 1).
4

3.2. Glucose, lifestyle factors, and symptoms

We further analysed the effect of lifestyle factors (BMI, physical
activity, smoking, and sleep disturbance) on AUCgluc.
The distribution of subjects by BMI category and smoking

status is shown in Table 2. Due to the unbalanced sample, we
used unbalanced factorial ANOVA with type II sum of squares.
There were no extreme outliers in the AUCgluc data, and the data
were normally distributed and homogeneous. We found no
significant interactions between the groups (patients vs controls)
or any of the lifestyle factors. Thus, we only considered the main
effects.
Significant main effects were found for BMI category (F[1, 64]

= 6.63, P= .01, h2=0.071, partial-h2=0.094), and smoking (F
[1, 64]= 4.28, P= .04, h2=0.046, partial-h2=0.063). The effects
were not significant for physical activity (F[1, 64] = 1.24, P= .27,
h2=0.013, partial-h2=0.019) or sleep disturbance (F[1, 64] =
0.168, P= .68, h2=0.002, partial-h2=0.003). The effect of
group was also non-significant in the model accounting for
lifestyle factors (F[1, 64] = 1.89, P= .17, h2=0.020, partial-h2=
0.029).
FIQ did not differ between FM patients with IGR and patients

without IGR (45.4 [14.1] and 40.0 [14.1] respectively, P= .24).
There was also no correlation with FIQ and the fasting levels of
glucose (r[38]=0.03, P= .88), pyruvate (r[38] = 0.19, P= .24), or
lactate (r[38] = 0.03, P= .87), nor with AUCgluc (r[38] = 0.08,
P= .63), AUCpyru (r[38] = 0.12, P= .45), or AUClact (r[38] =
-0.09, P= .57).

4. Discussion

In accordance with our hypothesis, the FM patients had higher
blood glucose levels after the glucose load. Forty percent of the
FM patients and only 20% of the controls had glucose levels



Figure 3. Venn diagram of the evaluated lifestyle factors among the
fibromyalgia patients (total with complete data n=36).
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diagnostic of impaired glucose regulation (IGR) but, because of
the small sample size, the difference was not significant. Our
findings are in line with previous reports of IGR being more
prevalent in FM patients than healthy controls. There was also a
non-significant tendency for more smoking among the FM
patients, which is likely to influence their risk of IGR.[26]

Contrary to our hypothesis, we found no difference in systemic
pyruvate or lactate levels between the FM patients and the
controls. Blood levels of pyruvate or lactate do not necessarily
reflect levels in other fluid compartments of the body, such as the
muscle interstitium or CSF. Therefore, our findings do not rule
out a role for pyruvate and lactate metabolism in the
pathophysiology of FM. Blood samples are easier to obtain
than, for example, CSF samples but our results do cast doubt on
the usefulness of measuring blood levels of pyruvate or lactate in
FM patients.
While the FM patients had higher blood glucose levels, these

were greatly influenced by lifestyle factors. High BMI is known to
disturb glucose regulation, as is smoking.[26,27] As expected, we
found overweight and smoking to significantly increase glucose
levels and AUC of glucose in the factorial analysis.
Physical activity is known to reduce the risk of type 2 DM,[28]

while several studies have shown insufficient sleep to cause
obesity, insulin resistance, glucose metabolism disturbance and
risk of type 2 diabetes, likely through increased levels of cortisol
and appetite-promoting ghrelin, and decreased levels of satiety-
promoting leptin.[29] Not only too little sleep, but also poor sleep
quality, is a risk factor for type 2 diabetes.[29,30]

In the factorial analysis of our data, physical activity and sleep
disturbance did not influence glucose levels significantly.
Nonetheless, physical inactivity and sleep disturbance suggested
poorer glucose control (Fig. 2). In our sample, the lifestyle factors
overlapped greatly, as shown in Figure 3. Therefore, bigger
samples would be needed to evaluate the effect of each lifestyle
factor more precisely.
Figure 2. Blood glucose area under the curve (AUC, mmol�h/L) values of the
fibromyalgia patients by lifestyle factors.

∗
significant at P< .05 (Student t-test).

5

Importantly, FM patients who were of normal weight and did
not smoke had lower glucose levels and glucose AUC,
comparable with controls (Fig. 4). This suggests that the glucose
metabolism disturbance seen in FM patients is not due to FM
itself, but to the accumulation of detrimental lifestyle factors. This
contrasts with the findings of Mäntyselkä et al., where higher
glucose levels were associated with chronic pain, even after
adjusting for BMI.[6] Loevinger et al. found higher glycated
haemoglobin (HbA1c) in FM patients than in healthy controls
with similar BMIs. However, in their study, FM patients had
greater waist circumferences than controls, suggesting higher
percentage of body fat or central adiposity which could affect
glucose metabolism.[5]

FM patients have a higher prevalence of obesity and
overweight than healthy controls.[31–33] Obesity is also a
predictor for developing FM.[3,34] In several studies, higher
Figure 4. Visualization of the effect of overweight and smoking on blood
glucose levels and area under the curve for the fibromyalgia patients and
controls. Significant differences at

∗
P< .05 and

∗∗
P< .01 (Tukey’s HSD).
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BMI is correlated with higher symptom severity, pain, tender
point count, fatigue, stiffness, anxiety, depression, physical
disability, and decreased quality of life. Possible mediators for
high BMI and FM symptoms include decreased physical activity,
disruption of growth hormone metabolism, and low-grade
inflammation.[31,32]

Weight loss interventions have resulted in improvement of FM
symptoms,[31,32] a weight loss of at least 10% being associated
with greater improvement of symptoms as well as increase in
immunoregulatory interleukin IL-10.[35] Of the 12 FMpatients in
the study by Hooper et al., 11 could no longer be diagnosed with
FM after bariatric surgery resulting in mean BMI decrease of 15
kg/m2.[36] The beneficial effects seen with various dietary
interventions in FM may, at least partially, be due to associated
weight loss.[37] However, these results are based on a few, mostly
uncontrolled, intervention studies with limited population sizes.
Thus, more research is needed.
In previous studies, the prevalence of smoking has been similar

among FM patients and among general population, but higher
among FM patients than rheumatoid arthritis patients.[33,38]

Smoking isunlikely topredict theonset ofFM,[3] but several studies
have shown that FM patients who smoke have more severe and
interfering symptoms and higher levels of pain.[39–42] Suggested
mediators between smoking and FM pain include neuropeptide Y
and leptin.[43] Some studies have associated smoking in FM
patients with higher anxiety[38] and sleep problems,[41] while
others have found no such association.[40,44] Weingarten et al.
found that, subjectively, FM patients often find smoking reduces
anxiety and other negative emotional symptoms, and helps them
cope with pain, even though smoking has no effect on the intensity
of pain.[45] While smoking is clearly correlated with more severe
FM symptoms, smoking cessation in FM, or in chronic pain in
general, has not been studied sufficiently to draw conclusions on its
effectiveness in pain management.[46]

While some studies have suggested a correlation between blood
glucose levels or IGR status and FM symptom severity, we found
no such connection.[4,8] Nevertheless, our work highlights the
importance of assessing the IGR status of FM patients, as
disturbances of glucose regulation are an important risk factor
for cardiovascular morbidity.[47] Weight loss and cessation of
smoking are recognized as particularly important strategies in the
management of glucose regulation in FM patients, with weight
loss also known to improve FM symptoms. These are important
considerations, as successful treatment of FM is multifaceted and
a multidisciplinary approach is often needed.
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