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Changes in pain and insulin-like growth factor 1
in fibromyalgia during exercise: the involvement
of cerebrospinal inflammatory factors and
neuropeptides
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Abstract

Introduction: Fibromyalgia (FM) is characterized by chronic pain. Impaired growth hormone responses and
reduced serum insulin-like growth factor 1 (IGF-1) are common in FM. The aim was to examine changes in serum
IGF-1, cerebrospinal fluid (CSF), neuropeptides, and cytokines during aerobic exercise in FM patients.

Methods: In total, 49 patients (median age, 52 years) with FM were included in the study. They were randomized
to either the moderate- to high-intensity Nordic Walking (NW) program (n = 26) or the supervised low-intensity
walking (LIW) program (n = 23). Patients participated in blood tests before and after 15 weeks of aerobic exercise.
Changes in serum levels of free IGF-1, pain rating on a 0- to 100-mm scale, pain threshold, and 6-minute walk test
(6MWT) were examined. CSF, neuropeptides, matrix metalloproteinase 3 (MMP-3), and inflammatory cytokines were
determined. Nonparametric tests were used for group comparisons and correlation analyses.

Results: Serum free IGF-1 levels did not change during 15 weeks of exercise between the two groups, although
the 6MWT significantly improved in the NW group (p = 0.033) when compared with LIW. Pain did not significantly
change in any of the groups, but tended to decrease (p = 0.052) over time in the total group. A tendency toward
a correlation was noted between baseline IGF-1 and a decrease of pain in response to exercise (r = 0.278; p =
0.059). When adjusted for age, this tendency disappeared. The change in serum free IGF-1 correlated positively
with an alteration in CSF substance P (SP) levels (rs = 0.495; p = 0.072), neuropeptide Y (NPY) (rs = 0.802; p = 0.001),
and pain threshold (rs = 0.276; p = 0.058). Differing CSF SP levels correlated positively to a change in pain
threshold (rs = 0.600; p = 0.023), whereas the shift in CSF MMP-3 inversely correlated with an altered pain threshold
(rs = -0.569; p = 0.034).

Conclusions: The baseline level of serum free IGF-1 did not change during high or low intensity of aerobic
exercise. Changes in IGF-1 correlated positively with a variation in CSF SP, NPY, and pain threshold. These data
indicate a beneficial role of IGF-1 during exercise in FM.
Trial registration: ClinicalTrials.govNCT00643006.

Introduction
Fibromyalgia (FM) is characterized by chronic pain, ten-
derness [1], and enhanced central sensitivity [2]. Sub-
stance P (SP) is associated with central pain sensitivity
in FM patients. Low-grade inflammation could be

involved in the pathogenesis. Despite increased central
sensitivity, long-term physical exercise appears to
improve physical capacity and pain in FM, although not
in all patients [3]. Exercise at moderate-to-high intensity
results in better improvement of physical functions than
does exercise at low intensity [4]. Some exercise studies
have reported decreased pain after exercise intervention
[3]. The biologic mechanisms controlling changes in
pain in FM requires further elucidation.
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Approximately one third of FM patients are estimated
to suffer from growth hormone (GH) deficiency, with
impaired growth hormone responses leading to reduced
insulin-like growth factor 1 (IGF-1), a critical mediator
of growth hormone [5-7]. A previous study found that
GH dysfunction was associated with increased pain
scores during an exercise test as well as with higher pre-
exercise levels of interleukin-6 (IL-6) and interleukin-8
(IL-8) [8]. Regular exercise is expected to increase the
resting level of IGF-1 in healthy individuals [9], but no
increase was found in patients with FM who exercised
for 6 months [10]. Together with insulin, IGF-1 is a
central regulator for cell growth, survival, and energy
metabolism in the body and the central nervous system
(CNS). The major IGF-binding protein in serum and
extracellular fluid is insulin-like growth binding protein
3 (IGFBP3). IGFBP3 did not change significantly in FM
patients after 6 months of exercise [10].
Nerve growth factor (NGF) is increased in cerebrospinal

fluid (CSF) in FM patients [11]. NGF supports neuronal
growth, differentiation, and modulates neuroplasticity [12].
NGF promotes sensory nerve sprouting, SP release
[13,14], and is induced by proinflammatory cytokines [15].
SP is increased in CSF of FM patients [16-18]. CSF SP

levels are stable over time in FM patients; however,
increases in SP correlates to small increases in pain [16].
Neuropeptide Y (NPY) serum levels are increased in FM

patients but not associated with clinical severity [19,20].
NPY is neuroprotective [21,22], and counteracts inflam-
matory and neuropathic pain through the endogeneous
opioid system [23,24]. NPY expression in ganglionic neu-
rons is promoted by NGF [25].
Interleukin-6 (IL-6) is a proinflammatory cytokine and

can induce short-term nociceptor hypersensitivity [26].
CSF IL-6 is increased in the complex regional pain syn-
drome [27] and radiculopathy [28], and serum IL-6 is
increased in FM [29]. Interleukin-8 (IL-8) is also proin-
flammatory, is involved in persistent [29] nociceptor
hypersensitivity, and is increased in chronic orthopedic
pain [30]. IL-8 has been shown to be elevated in CSF [31]
and in serum [29,32] in FM. Matrix metalloproteinase-3s
(MMP-3s) are changed during exercise [33]. MMP-3 and
other MMPs cooperate in remodeling of the extracellular
matrix, in inflammatory processes [34], and in neural
remodeling in the CNS [35,36].
The aim of the study was to study the effect of 15-

week moderate- to high-intensity aerobic exercise on
the level of serum bioactive IGF-1 in women with FM.
Low-intensity aerobic exercise was used by a control
group. Changes in IGF-1, IGFBP3, pain, and CNS mar-
kers of inflammation and neuropeptides were studied to
get a better insight into the biologic mechanisms
involved in pain in FM.

Materials and methods
Study design and subjects
Forty-nine patients with FM formed the study popula-
tion. Patients were randomized either to a moderate- to
high-intensity Nordic Walking (NW) program (n = 26)
or a supervised low-intensity walking (LIW) program (n
= 23). The supervised exercise programs were con-
ducted twice a week for 40 to 45 minutes for 15 weeks.
They participated in a blood test at baseline, after 15
weeks of exercise, and at 30 weeks of follow-up. The
effects of Nordic walking on body function were
reported previously [4], showing that NW resulted in
better improvement in the 6-minute walk test (6MWT)
and aerobic capacity, when compared with patients in
LIW. Pain did not significantly change in any of the
exercise groups. For patient characteristics, see Table 1.
Criteria for inclusion: Women with FM, aged 20 to 60

years, and with interest in exercising outdoors twice a
week for 15 weeks, to participate at blood test at baseline
and after the exercise period. To ensure that the patients
would manage the planned aerobic exercise, a bicycle test
at 50 watts was included in the inclusion criteria. All
included patients managed to perform the test. They were
also invited to participate in an examination of cerebrosp-
inal fluid, which, however, was not a criterion of inclusion.
FM was defined by the ACR 1990 criteria [1]: a history of
long-lasting generalized pain and pain in at least 11 of 18
tender points examined by manual palpation.
Criteria for exclusion: Patients not speaking or reading

Swedish, other severe somatic or psychiatric disease,
ongoing or planned physical therapy, including exercise,
and inability to accept times for planned exercise
sessions.

Clinical measurements
The pain threshold was examined by using an algometer
(Somedic Production AB, Sollentuna, Sweden), mea-
sured in kilopascals (kPa) [37]. The pain threshold was
measured in two tender-point locations in the upper
and lower extremities, respectively. The mean value was
applied, and a higher value indicates better health.

Table 1 Patient characteristics and pharmacologic
treatment

Patient characteristics (n = 49) Median (interquartile range)

Age, years 52 (48-56)

Symptom duration, years 11 (7-15)

Tender points, n 15 (13-16)

Pharmacologic treatment n (%)

Analgesics, yes 40 (82%)

Antidepressants/sedatives, yes 31 (63%)
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Pain was rated on a visual analog scale (0 to 100) of the
Fibromyalgia Impact Questionnaire (FIQ) [38] and reflects
subjective estimation of overall pain intensity during the
last week. A higher score indicates more-severe pain.
The 6-minute walk test (6MWT) reflects physical

restriction related to the pain disorder. The patient was
instructed to walk as quickly as possible but not to run.
The distance covered was measured in meters [39].

Blood and cerebrospinal fluid (CSF) sampling
Serum was collected at rest (n = 49) at baseline and
after 15 weeks in the exercise program and at 30 weeks
of follow-up (n = 40). Serum samples were acquired by
venipuncture of the cubital vein.
Twenty-six patients agreed to participate in an examina-

tion of cerebrospinal fluid (CSF) at baseline, and 15
patients also participated after 15 weeks of exercise. CSF
was collected through lumbar puncture through the L3/L4
interspace. Collected blood and cerebrospinal fluid sam-
ples were centrifuged at 800 g for 3 minutes, aliquoted,
and stored frozen at -70°C until use.

Laboratory analyses
Biologic markers were analyzed with enzyme-linked immu-
nosorbent assay (ELISA) by using commercially available
kits. Assays specific for IL-8 (DY208, detection limit 31 pg/
ml), MMP-3 (DY513, 1.4 pg/ml), serum free bioactive IGF-
1 (DY291, 4 pg/ml), and IGFBP3 (DY675, 0.125 ng/ml)
were purchased from R and D Systems (Minneapolis, MN,
USA). An assay specific for human IL-6 (M1916, 0.6 pg/ml)
was purchased from Sanquin Reagents (Amsterdam, The
Netherlands). Assays specific for SP (FEK-061-05, 1 pg/ml)
and NPY (FEK-049-03, 1 pg/ml) were purchased from
Phoenix Pharmaceuticals (Burlingame, CA, USA). The
human NGF-specific assay was purchased from Promega
(Madison, WI, USA; 4 pg/ml). All assays were run accord-
ing to recommendations of the manufacturers. Ordinary
colorimetric ELISA was read with a Spectramax 340 from
Molecular Devices (Sunnyvale, CA, USA), and fluorescent
ELISA assays were read with a Mithras LB940 from Bert-
hold Technologies (Bad Wildbad, Germany).

Ethics
The study was approved by the ethics committee of
Sahlgrenska University Hospital (220-09). Written and
verbal information was given to all patients, and written
consent was obtained from all patients.

Trial registration
ClinicalTrials.govNCT00643006.

Statistics
Descriptive data are presented as median, interquartile
range, the number, and percentage. The Mann-

Whitney U test and Kruskal-Wallis test were used to
analyze the differences in continuous variables between
the groups. The mean of baseline and posttest values
was calculated for each individual, and these means
were used in group comparisons. The Wilcoxon
signed-rank test was used for comparisons of continu-
ous variables within groups. Relations between the
variables were examined with the Spearman correlation
coefficient. Partial correlational analyses were per-
formed to adjust for baseline pain and age. To control
for possible Type I errors, the upper limit of number
of false significances was calculated by the following
formula: (number of tests - number of significant tests
on the level of a) × a/(1-a). All significant tests were
two-tailed, and values of p < 0.05 were considered sig-
nificant. All statistical evaluation of data was done by
using the statistic program SPSS Statistics v. 19.

Results
Clinical effects of exercise
Baseline values for 6MWT, pain, and pain threshold
are presented in Table 2. The 6MWT was found signif-
icantly to improve (P = 0.033) in the NW group (med-
ian increase, 36.5 m) when compared with the LIW
(median increase, 8.0 m). Changes in pain levels and
pain threshold did not differ significantly between
groups (Table 2).
When calculated for the total group after 15 weeks of

exercise, 6MWT was significantly improved (median,
25.1; P < 0.001), Table 3. Decrease of the pain threshold
was significant (median, -9.6; P = 0.040), whereas the
decrease of pain was not (median, -5.0; P = 0.052),
Table 3.
A significant association was found between 6MWT and

the pain threshold at baseline (rs = 0.294; P = 0.040).
Change in 6MWT (Δ6MWT) was correlated with changes
in pain thresholds (ΔPT) after 15 weeks (rs = 0.339; P =
0.020) and after 30 weeks (rs = 0.407; P = 0.006).

Influence of exercise on IGF-1
No significant between-group differences were found for
changes in IGF-1 (P = 0.795) or the IGFBP-3 (P = 0.906)
occurring during the 15-week low-intensity and high-
intensity aerobic exercise, respectively.
In the NW group, IGF-1 did not significantly change

during the 15-week exercise (P = 0.300), but it decreased
at 30-week follow-up (P = 0.019). IGFBP-3 did not signifi-
cantly change during the 15-weeks (p = 0.977) or during
the 30 weeks (P = 0.426).
In the LIW group, IGF-1 did not significantly change

during the 15 weeks (median, -0.340; P = 0.148), but it
tended to decrease during the 30 weeks (P = 0.109).
IGFBP-3 did not signficantly change during the 15
weeks (P = 0.881) or 30 weeks (P = 0.796).
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Table 2 Clinical data, IGF-1, and IGFB-3 for Nordic walking group and low-intensity walking group

Nordic walking Low-intensity walking Difference in change
between groups at
at 15 weeks

Difference in change
between groups at
at 30 weeks

Baseline 15 weeks to 0
weeks

30 weeks to 0
weeks

Baseline 15 weeks to 0
weeks

30 weeks to 0
weeks

Median
(range)

Diff
median (range)
P valuea

Diff
median (range)
P valuea

Median
(range)

Diff
median (range)
P valuea

Diff
median (range)
P valuea

P valueb P valueb

Pain
threshold
kPa

199.2 (106.2 to
372.3)

-6.6 (-84.6 to 75.6)
P = 0.454

13.9 (-109.2 to 94.1)
P = 0.278

215.4 (105.9 to
380.5)

-13.7 (-102.1 to 36.8)
P = 0.031

-12.8 (-165.2 to
108.5)
P = 0.689

P = 0.169 P = 0.339

Pain
mm

70.5 (7 to 98) -0.5 (-40 to 25) P =
0.416

-1 (-39 to 53) P =
0.988

75 (10 to 92) -7 (-27 to 35) P =
0.067

-4 (-34 to 29) P =
0.218

P = 0.356 P = 0.432

6MWT
m

520 (381 to
660)

36.5 (-44 to 164.5) P
< 0.001

29.3 (-150.5 to 145) P
= 0.006

516 (428 to
656)

8 (-77 to 107) P =
0.183

-2 (-62.5 to 103) P
= 0.520

P = 0.033 P = 0.049

IGF-1
ng/ml

4.3 (0 to 15.6) -0,2 (-11.4 to 28.7) P
= 0.300

-0.7 (-12.7 to 1.7) P =
0.019

3.3 (0 to 35.7) -0.3 (-31.6 to 1.9) P =
0.148

-0.1 (-31.2 to 1.4) P
= 0.109

P = 0.795 P = 0.570

IGFB3
ng/ml

1,449.2 (546.6
to 3,288.3)

-57.4 (-1,524.7 to
1,846.6) P = 0.977

291.1 (-1,383.3 to
2,821.8) P = 0.426

1,680.9 (269.5
to 3,274.2)

-33.5 (-1551.7 to
1,198.8) P = 0.881

242 (-1563 to
1,558.2) P = 0.796

P = 0.906 P = 0.872

aWilcoxon signed rank test. bMann-Whitney U test. Median, range (min-max) for baseline, as well as median differences and P values at 15 and 30 weeks, are presented.
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Table 3 Clinical data for the study population (n = 49) at baseline, 15, and 30 weeks.

Baseline
median (range)

15 weeks
median (range)

15-0 weeks
difference median (range)

P value 30 weeks
median (range)

30 to 0 weeks
difference
median
(range)

P value

Pain threshold kPa 202.8 (105.9-380.5) 189.9 (112.2-305.3) -9.6 (-102.1-75.6) 0.040 194.3 (107.6-472.3) -8.8 (-165.2-108.5) 0.608

Pain
0 to 100

71 (7-98) 65.5 (3-99) -5 (-40-35) 0.052 67 (14-95) -2 (-39-53) 0.365

6MWT
m

518 (381-660) 566 (418-689 25.1 (-77-164.5) < 0.001 555 (367.5-661) 15.5 (-150.5-145) 0.009

IGF-1
ng/ml

4.2 (0-35.7) 3.0 (0-33.8) -0.2 (-31.6-28.7) 0.085 2.7 (0-10.9) -0.7 (-31.2-1.7) 0.004

IGFB3
ng/ml

1,549.4 (2,69.5-3,288.3) 1,634 (182.4-2,967.3) -57.5 (-1,551.7-1,846.6) 0.889 1,795.4 (98.3-4,156.7) 272.9 (-1,563-2,821.8) 0.413
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When calculated for the total group, levels of either
free IGF-1 or IGFB3 did not significantly change during
the exercise period (Table 3).

Effects on IGF-1 levels and pain
Basal IGF-1 did not correlate with baseline pain (rs =
-0.026; P = 0.861). To evaluate the relation of basal IGF
to the change in pain, we did a partial correlation
between baseline IGF and final pain and adjusted for
baseline pain. We found a tendency to positive correla-
tion (r = 0.278; P = 0.059). However, this positive ten-
dency disappeared when age was accounted for (r =
0.245; P = 0.101).
Change in IGF-1 levels (ΔIGF) was associated with

ΔPT at 15 weeks (r = 0.276; P = 0.058), and the correla-
tion reached a significant level at 30-week follow-up (rs =
0.449; P = 0.005). No significant correlations were found
between ΔIGF-1 and change in rating of pain (Δpain)
when analyzed for the total group.

IGF-1 level, pain, and CSF markers
A smaller group within the study population agreed to
participate in the examination of cerebrospinal fluid at
the start of the exercise period (n = 26). Their median
age was 51 (46 to 55) years. At baseline, the number of
tender points was 14.5 (12 to 16), pain threshold was
207 (161 to 258) kPa, pain level was 70 (44 to 83), and
IGF-1 was 4.5 (2.2 to 9.3) ng/ml, implying that they did
not significantly differ from the total sample.
Fifteen individuals were able to participate in a second

examination of cerebrospinal fluid after 15 weeks. Their

median age was 51 (34 to 59) years. At baseline, tender
points for these 15 individuals was 15.0 (12 to 18), the
pain threshold was 207 (177 to 255) kPa, the pain level
was 70 (51 to 82), and IGF-1 was 4.2 (2.2 to 9.2) ng/ml,
implying that they did not significantly differ from the
total sample.
Changes in serum IGF-1 levels correlated positively with

ΔCSF NPY (rs = 0.802; P = 0.001). The correlation
between IGF-1 and ΔCSF SP tended to be significant (rs =
0.495; P = 0.072), Table 4.
Changes in pain threshold (ΔPT) were associated with

ΔCSF SP (rs = 0.600; P = 0.023), and inversely with
ΔCSF MMP-3 (rs = -0.569; P = 0.034), Table 4.

Relations between CSF markers
Baseline CSF IL-6 was positively correlated with CSF SP
(rs = 0.438; P = 0.032) and CSF MMP3 (rs = 0.409; P =
0.047). Furthermore, baseline CSF IL-6 was inversely cor-
related with CSF NGF (rs = -0.410; P = 0.042; n = 25) and
CSF NPY (rs = -0.399; P = 0.053; n = 24).

Type 1 error
Analyses of within-group analyses and between-group
analyses comprised 40 analyses (Tables 2 and 3), and
the upper level of of number of false signifcances was
1.58, which means that two significances might be false.
Analyses of correlations between IGF-1, pain, and CSF
markers (Table 4) comprised a total of 18 analyses, and
the upper level of the number of false significances was
0.79, which means that one of the significances might
be false.

Table 4 Correlation of changes in IGF-1, pain, and pain threshold, and changes in cerebrospinal markers

ΔIGF-1 (serum) ΔPain threshold ΔPain

0.495 0.539 0.075

ΔCSF SP P = 0.072 P = 0.038 P = 0.790

n = 14 n = 15 n = 15

-0.164 0.335 0.016

ΔCSF NGF P = 0.558 P = 0.204 P = 0.953

n = 15 n = 16 n = 16

0.802 0.288 0.315

ΔCSF NPY P = 0.001 P = 0.318 P = 0.273

n = 13 n = 14 n = 14

-0.165 0.225 -0.119

ΔCSF IL-6 P = 0.573 P = 0.420 P = 0.673

n = 15 n = 15 n = 15

-0.164 -0.109 0.103

ΔCSF IL-8 P = 0.558 P = 0.688 P = 0.704

n = 15 n = 16 n = 16

-0.156 -0.579 0.329

ΔCSF MMP3 P = 0.594 P = 0.024 P = 0.231

n = 14 n = 15 n = 15

Median and range (min-max) indicated. Spearmans rho(rs), two-tailed significance (P), and number of subjects (n) are presented.
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Discussion
The levels of bioactive IGF-1 and IGFBP-3 did not sig-
nificantly change between an intervention group exercis-
ing 15 weeks at moderate- to high-intensity Nordic
Walking (NW) and an active control group engaging in
low-intensity walking (LIW). Lack of changes in IGF-1
levels is in line with a previous study reporting failure to
show increase in IGF-1 in patients with FM [10]. In an
exercise study with patients with a chronic kidney disor-
der engaging in regular exercise, no change was
reported in IGF-1 [40]. Disease-specific characteristics,
such as impaired physical function and chronic pain,
may be possible reasons for the failure to increase IGF-1
and IGFBP-3 in our study.
A tendency to correlation was noted between baseline

IGF-1 and the decrease of pain in response to exercise.
However, this positive tendency disappeared when age was
accounted for, and population studies show that IGF-1
levels correlate inversely with age [41]. It might be of
interest to study levels of IGF-1 and pain during exercise
in a larger group of FM patients homogeneous in age [41].
The pain threshold was found to decrease in our study

population during the 15 weeks of exercise. This implies
that the patients exercised at a level that activated their
peripheral pain receptors [42], both in the NW and low-
intensity walking group. When calculated for the total
group, the pain scores tended to decrease after the 15-
week exercise period. Pain scoring is a global rating of
pain during the past week, thus including pain during
activities and global well-being, aspects that can be
expected to improve by both types of exercise. These
different aspects of pain may explain differences in the
two assessments. Another interesting finding was that
change in the pain threshold were found to correlate
with change in IGF-1. This indicates that serum free
IGF-1 is associated with changes in sensitivity to pain,
which must be further studied. The findings of this
study support previous studies indicating that a higher
level of IGF-1 in FM reflects better health [5,6,43,44].
Previous studies have shown that SP is increased in

cerebrospinal fluid (CSF) of patients with FM [16-18].
CSF SP levels are relatively stable over time in FM
patients; however, an increase in CSF SP over time in FM
patients has been associated with small increases in pain
or tenderness [16]. In our material, change in CSF SP
was positively associated with changes in pain threshold.
The change of CSF SP levels during aerobic exercise has,
to our best knowledge, not been previously studied in
patients with FM, but it has previously been found that
SP is involved mainly in initiation rather than mainte-
nance of chronic pain [45]. Regular exercise has shown
beneficial effects on brain function [46]. Exercise effects
on brain function, including mobilization of BDNF, are
dependent on IGF-1 and IGF-1 uptake into the brain

[47]. A possible interpretation of our data is that exer-
cise-induced peaks of IGF-1 combined with high chronic
levels of CSF SP may lead to long-term adaptation to tol-
erate physical strain. Thus, IGF-1 may promote resilience
to pain in the CNS. In experimental diabetic neuropathy,
treatment with IGF-1 reversed neuronal hyperactivity in
the spinal cord and in the periaqueductal gray matter
and prevented behavioral signs of pain [48]. In RA and
AS patients, early response to exercise led to increased
IGF-1 levels and reduced pain [49]. Furthermore, daily
growth hormone treatment in FM patients led to
increased IGF-1 and reduced pain levels [50]. Future stu-
dies are needed to determine short-term changes of the
IGF-1 in relation to exercise in patients with FM.
We studied MMP3 in CSF for its potential role in

structural reorganization and inflammation and found
that change in CSF MMP-3 correlated negatively with
change in pain threshold, which supports the notion
that MMP3 is modulated during exercise [33,51]. The
correlation between CSF MMP-3 and CSF IL-6 at base-
line in our material may represent MMP-3 release
induced by inflammatory cytokines [34,52,53], or stimu-
lation of local inflammatory cytokine production by
MMP-3 [54]. This study is, to our best knowledge, the
first publication reporting changes in these substances
during a prospective exercise period.

Conclusions
Levels of free IGF-1 and IGFB3 in serum did not change
during 15 weeks of aerobic exercise in patients with FM.
Baseline IGF-1 was associated with a decrease of pain in
response to exercise, but the tendency disappeared
when adjusted for age.
Changes in levels of IGF-1 correlated positively with

changes in SP and NPY in CSF and with changes in
pain threshold. It appears that higher level of IGF-1
indicates less pain during exercise in FM, which must
be further studied.

Abbreviations
CSF: cerebrospinal fluid; FIQ: Fibromyalgia Impact Questionnaire; FM:
fibromyalgia syndrome; IGF-1: insulin-like growth factor-1; IGFBP3: insulin-like
growth factor-binding protein-3; IL-6: interleukin-6; IL-8: interleukin-8; MMP-3:
matrix metalloproteinase 3; NGF: nerve growth factor; NPY: neuropeptide Y;
PT: pain threshold; 6MWT: Six-minute Walk Test; SP: substance P.

Acknowledgements
We thank Lena Nordeman, Åsa Cider, Gunilla Jonsson, and all other
members of the GAU study group for recruiting, examining, or supervising
the exercise groups.
This work was funded by grants from the Swedish Research Council (KM,
MBo), the Medical Society of Göteborg (MBo), the Swedish Association
against Rheumatism (KM, MBo), the King Gustaf V’s 80-year Foundation
(MBo), Professor Nanna Swartz Foundation (MBo), Torsten Söderberg’s
Foundation (MBo), Rune and Ulla Amlövs Trust, the Swedish Research
Agency for Innovation Systems (VINNOVA), the Swedish Foundation for
Strategic Research, the Ingabritt and Arne Lundberg’s Foundation, Magnus
Bergwall Foundation (MBo), the University of Göteborg, the Family Thölen

Bjersing et al. Arthritis Research & Therapy 2012, 14:R162
http://arthritis-research.com/content/14/4/R162

Page 7 of 9



and Kristlers Foundation, the Regional agreement on medical training and
clinical research between the Western Götaland county council and the
University of Göteborg (LUA/ALF) (JB, KM, MBo), and the Health and Medical
Care Executive Board of Västra Götaland Region (KM). The funding sources
have no involvement in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to
submit the article for publication.

Author details
1Department of Rheumatology and Inflammation Research, Institute of
Medicine, Sahlgrenska Academy, University of Gothenburg, Guldhedsgatan
10, Box 480, 40530 Göteborg, Sweden. 2Sahlgrenska University Hospital,
Rheumatology, Gröna stråket 14, 413 45 Göteborg, Sweden. 3Sahlgrenska
University Hospital, Physiotherapy and Occupational therapy, Vita stråket 13,
413 45 Göteborg, Sweden.

Authors’ contributions
JB participated in study design, acquisition, analysis, and interpretation of
data; MD, in acquisition, analysis, and interpretation of data; ME, in
acquisition, analysis, and interpretation of data; MBo, in acquisition, analysis.
and interpretation of data. KM worked with study conception, study design,
acquisition, analysis, and interpretation of data. All the authors were involved
in the drafting of the article and revising it critically for important intellectual
content. All the authors approved the final version of the article.

Competing interests
The authors declare that they have no competing interests.

Received: 9 February 2012 Revised: 18 June 2012
Accepted: 9 July 2012 Published: 9 July 2012

References
1. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL,

Tugwell P, Campbell SM, Abeles M, Clark P, Fam AG, Farber SJ, Fiechtner JJ,
Franklin CM, Gatter RA, Hamaty D, Lessard J, Lichtbroun AS, Masi AT,
McCain GA, Reynolds WJ, Romano TJ, Russell IJ, Sheon RP: The American
College of Rheumatology 1990 criteria for the classification of
fibromyalgia: report of the Multicenter Criteria Committee. Arthritis
Rheum 1990, 33:160-172.

2. Clauw DJ: Fibromyalgia: an overview. Am J Med 2009, 122(12 Suppl):
S3-S13.

3. Busch A, Schachter C, Overend T, Peloso P, Barber K: Exercise for
fibromyalgia: a systematic review. J Rheumatol 2008, 35:1130-1144.

4. Mannerkorpi K, Nordeman L, Cider Å, Jonsson G: Does moderate-to-high
aerobic exercise result in better improvement of body impairments and
pain than low-intensive exercise in FM? A prospective randomised
controlled trial. Arthritis Res Ther 2010, 12:R189.

5. Bennett RM, Cook DM, Clark SR, Burckhardt CS, Campbell SM:
Hypothalamic-pituitary-insulin-like growth factor-1 axis dysfunction in
patients with fibromyalgia. J Rheumatol 1997, 24:1384-1389.

6. Cuatrecasas G, Gonzalez MJ, Alegre C, Sesmilo G, Fernandez-Solà J,
Casanueva FF, Garcia-Fructuoso F, Poca-Dias V, Izquierdo JP, Puig-
Domingo M: High prevalence of growth hormone deficiency in severe
fibromyalgia syndromes. J Clin Endocrinol Metab 2010, 95:4331-4337.

7. Bennett RM: Adult growth hormone deficiency in patients with
fibromyalgia. Curr Rheumatol Rep 2002, 4:306-312.

8. Ross RL, Jones KD, Bennett RM, Ward RL, Druker BJ, Wood LJ: Preliminary
evidence of increased pain and elevated cytokines in fibromyalgia
patients with defective growth hormone response to exercise. Open
Immunol J 2010, 3:9-18.

9. Berg U, Bang P: Exercise and circulating insulin-like growth factor I. Horm
Res 2004, 62(Suppl 1):50-58.

10. Jones KD, Deodhar AA, Burckhardt CS, Perrin NA, Hanson GC, Bennett RM:
A combination of 6 months of treatment with pyridostigmine and
triweekly exercise fails to improve insulin-like growth factor-I levels in
fibromyalgia, despite improvement in the acute growth hormone
response to exercise. J Rheumatol 2007, 34:1103-1111.

11. Giovengo SL, Russell IJ, Larson AA: Increased concentrations of nerve
growth factor in cerebrospinal fluid of patients with fibromyalgia. J
Rheumatol 1999, 26:1564-1569.

12. Cirulli F, Alleva E: The NGF saga: from animal models of psychosocial
stress to stress-related psychopathology. Front Neuroendocrinol 2009,
30:379-395.

13. Yamauchi K, Inoue G, Koshi T, Yamashita M, Ito T, Suzuki M, Eguchi Y,
Orita S, Takaso M, Nakagawa K, Aoki Y, Ochiai N, Kishida S, Endo M,
Yamashita T, Takahashi K, Ohtori S: Nerve growth factor of cultured
medium extracted from human degenerative nucleus pulposus
promotes sensory nerve growth and induces substance P in vitro. Spine
2009, 34:2263-2269.

14. Yang XD, Liu Z, Liu HX, Wang LH, Ma CH, Li ZZ: Regulatory effect of nerve
growth factor on release of substance P in cultured dorsal root ganglion
neurons of rat. Neurosci Bull 2007, 23:215-220.

15. Frossard N, Freund V, Advenier C: Nerve growth factor and its receptors
in asthma and inflammation. Eur J Pharmacol 2004, 500:453-465.

16. Russell IJ, Orr MD, Littman B, Vipraio GA, Alboukrek D, Michalek JE, Lopez Y,
MacKillip F: Elevated cerebrospinal fluid levels of substance P in patients
with the fibromyalgia syndrome. Arthritis Rheum 1994, 37:1593-1601.

17. Vaeroy H, Helle R, Forre O, Kass E, Terenius L: Elevated CSF levels of
substance P and high incidence of Raynaud phenomenon in patients
with fibromyalgia: new features for diagnosis. Pain 1988, 32:21-26.

18. Liu Z, Welin M, Bragee B, Nyberg F: A high-recovery extraction procedure
for quantitative analysis of substance P and opioid peptides in human
cerebrospinal fluid. Peptides 2000, 21:853-860.

19. Di Franco M, Iannuccelli C, Alessandri C, Paradiso M, Riccieri V, Libri F,
Valesini G: Autonomic dysfunction and neuropeptide Y in fibromyalgia.
Clin Exp Rheumatol 2009, 27(5 Suppl 56):S75-S78.

20. Anderberg UM, Liu Z, Berglund L, Nyberg F: Elevated plasma levels of
neuropeptide Y in female fibromyalgia patients. Eur J Pain 1999, 3:19-30.

21. Xapelli S, Agasse F, Ferreira R, Silva AP, Malva JO: Neuropeptide Y as an
endogenous antiepileptic, neuroprotective and pro-neurogenic peptide.
Recent Pat CNS Drug Discov 2006, 1:315-324.

22. Xapelli S, Silva AP, Ferreira R, Malva JO: Neuropeptide Y can rescue
neurons from cell death following the application of an excitotoxic
insult with kainate in rat organotypic hippocampal slice cultures.
Peptides 2007, 28:288-294.

23. Upadhya MA, Dandekar MP, Kokare DM, Singru PS, Subhedar NK:
Involvement of neuropeptide Y in the acute, chronic and withdrawal
responses of morphine in nociception in neuropathic rats: behavioral
and neuroanatomical correlates. Neuropeptides 2009, 43:303-314.

24. Intondi AB, Dahlgren MN, Eilers MA, Taylor BK: Intrathecal neuropeptide Y
reduces behavioral and molecular markers of inflammatory or
neuropathic pain. Pain 2008, 137:352-365.

25. Liu H, Liu Z, Xu X, Yang X, Wang H, Li Z: Nerve growth factor regulates
galanin and neuropeptide Y expression in primary cultured superior
cervical ganglion neurons. Pharmazie 2010, 65:219-223.

26. Dina OA, Green PG, Levine JD: Role of interleukin-6 in chronic muscle
hyperalgesic priming. Neuroscience 2008, 152:521-525.

27. Alexander GM, van Rijn MA, van Hilten JJ, Perreault MJ, Schwartzman RJ:
Changes in cerebrospinal fluid levels of pro-inflammatory cytokines in
CRPS. Pain 2005, 116:213-219.

28. Ohtori S, Suzuki M, Koshi T, Takaso M, Yamashita M, Inoue G, Yamauchi K,
Orita S, Eguchi Y, Kuniyoshi K, Ochiai N, Kishida S, Nakamura J, Aoki Y,
Ishikawa T, Arai G, Miyagi M, Kamoda H, Suzuki M, Toyone T, Takahashi K:
Proinflammatory cytokines in the cerebrospinal fluid of patients with
lumbar radiculopathy. Eur Spine J 2010, 20:942-946.

29. Uceyler N, Häuser W, Sommer C: Systematic review with meta-analysis:
cytokines in fibromyalgia syndrome. BMC Musculoskel Disord 2011, 12:245.

30. Sachs D, Cunha FQ, Poole S, Ferreira SH: Tumour necrosis factor-alpha,
interleukin-1beta and interleukin-8 induce persistent mechanical
nociceptor hypersensitivity. Pain 2002, 96:89-97.

31. Kadetoff D, Lampa J, Westman M, Andersson M, Kosek E: Evidence of
central inflammation in fibromyalgia-increased cerebrospinal fluid
interleukin-8 levels. J Neuroimmunol 2012, 242:33-38.

32. Wang H, Buchner M, Moser MT, Daniel V, Schiltenwolf M: The role of IL-8
in patients with fibromyalgia: a prospective longitudinal study of 6
months. Clin J Pain 2009, 2:1-4.

33. Rullman E, Norrbom J, Strömberg A, Wågsäter D, Rundqvist H, Haas T,
Gustafsson T: Endurance exercise activates matrix metalloproteinases in
human skeletal muscle. J Appl Physiol 2009, 106:804-812.

34. Rosenberg GA: Matrix metalloproteinases and their multiple roles in
neurodegenerative diseases. Lancet Neurol 2009, 8:205-216.

Bjersing et al. Arthritis Research & Therapy 2012, 14:R162
http://arthritis-research.com/content/14/4/R162

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/2306288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2306288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2306288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19962494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18464301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18464301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20942911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20942911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20942911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20942911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9228141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9228141?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20631018?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20631018?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12126582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12126582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20467575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20467575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20467575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15761233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17407215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17407215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17407215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17407215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10405946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19442684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19442684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19934806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19934806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19934806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17687396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17687396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17687396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15464052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15464052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7526868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7526868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2448729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2448729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2448729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10959008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10959008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10959008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20074444?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18221213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18221213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17212973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17212973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17212973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19556004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19556004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19556004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17976913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17976913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17976913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20383944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20383944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20383944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18280048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18280048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15964681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15964681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20953967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20953967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11932065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11932065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11932065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22126705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22126705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22126705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19131480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19131480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19161911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19161911?dopt=Abstract


35. Wang XB, Bozdagi O, Nikitczuk JS, Zhai ZW, Zhou Q, Huntley GW:
Extracellular proteolysis by matrix metalloproteinase-9 drives dendritic
spine enlargement and long-term potentiation coordinately. Proc Natl
Acad Sci USA 2008, 105:19520-19525.

36. Yong VW: Metalloproteinases: mediators of pathology and regeneration
in the CNS. Nat Rev Neurosci 2005, 6:931-944.

37. Kosek E, Ekholm J, Nordemar R: A comparison of pressure pain thresholds
in different tissues and body regions: long-term reliability of pressure
algometry in healthy volunteers. Scand J Rehabil Med 1993, 25:117-124.

38. Burckhardt CS, Clark SR, Bennett RM: The fibromyalgia impact
questionnaire: development and validation. J Rheumatol 1991, 18:728-733.

39. Mannerkorpi K, Svantesson U, Carlsson J, Ekdahl C: Tests of functional
limitations in fibromyalgia syndrome: a reliability study. Arthritis Care Res
1999, 12:193-199.

40. Gregory SM, Headley SA, Germain M, Flyvbjerg A, Frystyk J, Coughlin MA,
Milch CM, Sullivan S, Nindl BC: Lack of circulating bioactive and
immunoreactive IGF-I changes despite improved fitness in chronic
kidney disease patients following 48 weeks of physical training. Growth
Horm IGF Res 2011, 21:51-56.

41. Landin-Wilhelmsen K, Wilhelmsen L, Lappas G, Rosén T, Lindstedt G,
Lundberg PA, Bengtsson BA: Serum insulin-like growth factor I in a
random population sample of men and women: relation to age, sex,
smoking habits, coffee consumption and physical activity, blood
pressure and concentrations of plasma lipids, fibrinogen, parathyroid
hormone and osteocalcin. Clin Endocrinol 1994, 41:351-357.

42. Staud R, Robinson ME, Price DD: Isometric exercise has opposite effects
on central pain mechanisms in fibromyalgia patients compared to
normal controls. Pain 2005, 118:176-184.

43. Jones KD, Bennett RM, Ward RL, Deodhar AA: Description of a half-day
interprofessional fibromyalgia clinic with an evaluation of patient
satisfaction. Am J Phys Med Rehabil 2011, 90:825-833.

44. Ross RL, Jones KD, Bennett RM, Ward RL, Druker BJ, Wood LJ: Preliminary
evidence of increased pain and elevated cytokines in fibromyalgia
patients with defective growth hormone response to exercise. Open
Immunol J 2010, 3:9-18.

45. Liu X, Sandkuhler J: Characterization of long-term potentiation of C-fiber-
evoked potentials in spinal dorsal horn of adult rat: essential role of NK1
and NK2 receptors. J Neurophysiol 1997, 78:1973-1982.

46. Hopkins ME, Davis FC, Vantieghem MR, Whalen PJ, Bucci DJ: Differential
effects of acute and regular physical exercise on cognition and affect.
Neuroscience 2012, 215:59-68.

47. Carro E, Nunez A, Busiguina S, Torres-Aleman I: Circulating insulin-like
growth factor I mediates effects of exercise on the brain. J Neurosci 2000,
20:2926-2933.

48. Morgado C, Silva L, Pereira-Terra P, Tavares I: Changes in serotonergic and
noradrenergic descending pain pathways during painful diabetic
neuropathy: the preventive action of IGF1. Neurobiol Dis 2011, 43:275-284.

49. Karatay S, Yildirim K, Melikoglu MA, Akcay F, Senel K: Effects of dynamic
exercise on circulating IGF-1 and IGFBP-3 levels in patients with
rheumatoid arthritis or ankylosing spondylitis. Clin Rheumatol 2007,
26:1635.

50. Cuatrecasas G, Alegre C, Fernandez-Sola J, Gonzalez MJ, Garcia-Fructuoso F,
Poca-Dias V, Nadal A, Navarro F, Mera A, Lage M, Peino R, Casanueva F,
Linan C, Sesmilo G, Coves MJ, Izquierdo JP, Alvarez I, Granados E, Puig-
Domingo M: Growth hormone treatment for sustained pain reduction
and improvement in quality of life in severe fibromyalgia. Pain 2012,
153:1382-1389.

51. Rullman E, Rundqvist H, Wågsäter D, Fischer H, Eriksson P, Sundberg CJ,
Jansson E, Gustafsson T: A single bout of exercise activates matrix
metalloproteinase in human skeletal muscle. J Appl Physiol 2007,
102:2346-2351.

52. Gottschall PE, Deb S: Regulation of matrix metalloproteinase expressions
in astrocytes, microglia and neurons. Neuroimmunomodulation 1996,
3:69-75.

53. Kim KS, Kim HY, Joe EH, Jou I: Matrix metalloproteinase-3 induction in rat
brain astrocytes: focus on the role of two AP-1 elements. Biochem J 2008,
410:605-611.

54. Kim YS, Kim SS, Cho JJ, Choi DH, Hwang O, Shin DH, Chun HS, Beal MF,
Joh TH: Matrix metalloproteinase-3: a novel signaling proteinase from
apoptotic neuronal cells that activates microglia. J Neurosci 2005,
25:3701-3711.

doi:10.1186/ar3902
Cite this article as: Bjersing et al.: Changes in pain and insulin-like
growth factor 1 in fibromyalgia during exercise: the involvement of
cerebrospinal inflammatory factors and neuropeptides. Arthritis Research
& Therapy 2012 14:R162.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Bjersing et al. Arthritis Research & Therapy 2012, 14:R162
http://arthritis-research.com/content/14/4/R162

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/19047646?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19047646?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16288297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16288297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8248762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8248762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8248762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1865419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1865419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10513509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10513509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21251861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21251861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21251861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16154700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16154700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16154700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21681062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21681062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21681062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20467575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20467575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20467575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9325365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9325365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9325365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22554780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22554780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10751445?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10751445?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21515376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21515376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21515376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17322964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22465047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22465047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8945720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8945720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18072934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18072934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15814801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15814801?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study design and subjects
	Clinical measurements
	Blood and cerebrospinal fluid (CSF) sampling
	Laboratory analyses
	Ethics
	Trial registration
	Statistics

	Results
	Clinical effects of exercise
	Influence of exercise on IGF-1
	Effects on IGF-1 levels and pain
	IGF-1 level, pain, and CSF markers
	Relations between CSF markers
	Type 1 error

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


