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Abstract This study was performed to determine the
effects of short-term dynamic exercise on serum insulin-
like growth factor-1 (IGF-1) and insulin-like growth factor
binding protein-3 (IGFBP-3) levels in the patients with
rheumatoid arthritis (RA) and ankylosing spondylitis (AS).
Patients with RA or AS and healthy controls were recruited.
Dynamic treadmill exercise therapy was accomplished for
20 min/session with all of the participants. There were five
sessions per week for 2 weeks. Morning stiffness duration,
body pain, Stanford health assessment questionnaire,
Ritchie articular index, Bath ankylosing spondylitis disease
activity index (BASDALI), and Bath ankylosing spondylitis
functional index (BASFI) were evaluated in the RA and AS
patients. Laboratory assessments included: erythrocyte
sedimentation rate, serum C-reactive protein, IGF-1, and
IGFBP-3. Clinical and laboratory assessments were
recorded at baseline and during exercise treatment on days 7
and 15. Twenty patients with RA, 15 with AS, and 14
healthy controls were included in this study. The pain
evaluation, Ritchie, BASDAI, and BASFI scores were
significantly improved by the exercise treatment in both
patient groups. The important increases were found in
circulating IGF-1 in RA (p<0.001) and AS (p=0.001) at the
end of 2 weeks. In control individuals, serum IGF-1 levels
showed a significant decline in the first week (p<0.05). No
significant changes were observed on serum IGFBP-3
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levels. Our data suggest that serum IGF-1 levels are
increased by the dynamic exercise program in RA and AS
patients. The increased IGF-1 may play an important role in
the beneficial effects of dynamic exercise therapy in these
patients.
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Introduction

Rheumatoid arthritis (RA) and ankylosing spondylitis (AS)
are inflammatory rheumatic diseases that lead to high levels
of pain, stiffness, and disability. Reduced function, difficulty
in daily living activities, and psychosocial impairment are
often seen in these disorders. However, among patients with
functional class II RA, muscular strength and aerobic
capacity were reduced by 25-50% and 20-30%, respectively
[1]. The impaired physical capacities may be attributed to
inadequate levels of physical activity. Therefore, exercise
regimens are recommended for the rehabilitation of RA and
AS patients. It is well documented that dynamic exercises
such as swimming, walking, and bicycling are more
effective in improving muscle strength and cardiorespirato-
ry function than conventional exercise programs such as
range of motion and isometric exercises in RA patients
[2, 3]. In addition, it is known that exercise therapy has
beneficial effects on the Bath ankylosing spondylitis
metrology index (BASMI), Bath ankylosing spondylitis
disease activity index (BASDAI), and Bath ankylosing
spondylitis functional index (BASFT) of AS patients [4, 5].
Although the benefits of exercise are well known to
improve the disease activity and physical capacity, the
molecular and cellular effects of exercise are less clear.

@ Springer



1636

Clin Rheumatol (2007) 26:1635-1639

Insulin-like growth factor-1 (IGF-1) plays an important
role in the cell growth and differentiation. Most of the IGF-
1 found in serum is produced in the liver, but most somatic
cells can also synthesize it [6]. A dynamic equilibrium is
present between circulating concentrations of IGF-1 and
tissue production of this peptide [7]. A number of studies
have been performed to measure IGF-1 levels during
exercise in healthy individuals, but the results have been
controversial [8, 9]. Whether exercise has an important role
in the serum IGF levels of patients with inflammatory
disorders is not yet known. This study was performed to
determine the effect of short-term dynamic exercise on the
serum IGF-1 and insulin-like growth factor binding protein-
3 (IGFBP-3) levels in the patients with RA and AS.

Materials and methods

Twenty patients with RA and 15 patients with AS were
recruited along with 14 healthy controls. The diagnosis of
RA was made according to the criteria of the American
College of Rheumatology [10]. The diagnosis of AS was
made according to the modified New York criteria [11].
Excluded from the trial were individuals using oral
contraceptive drugs, subjects with co-morbid medical
conditions known to affect IGF status, and individuals
whose disease made it impossible for them to tolerate
walking on the treadmill.

In RA patients, morning stiffness duration, patient’s pain
evaluation (by visual analogue scale [VAS]), Stanford
health assessment questionnaire (HAQ) [12], and Ritchie
articular index [13] were documented by clinical examina-
tion. The clinical variables were morning stiffness duration,
patient’s pain evaluation, BASDAI [14], and BASFI [15] in
the patients with AS. Sedentary healthy controls were
selected according to a questionnaire that quantifies
physical activity undertaken during a normal week on an
8-point scale [16]. The habitual exercise level of partic-
ipants was determined using this questionnaire.

Body weight and height were measured in all of
participants. The body mass index (BMI) scores were
recorded as body weight divided by height squared (kg/m?).
For the laboratory assessment, erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), IGF-1, and IGFBP-3
levels were defined. The ESR level was determined by the
Westergren method. A nephelometric method was used for
measuring CRP levels (Beckman Array Protein System,
USA). The IGF-1 and IGFBP-3 levels were measured by
radioimmunoassay method (BioSource Europe S. A,
Belgium).

All of the patients were hospitalized in Department of
Physical Medicine and Rehabilitation to prevent disease
aggravation due to environmental effects for 2 weeks
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during the treatment period. Dynamic exercise therapy on
a treadmill was accomplished with all of the participants as
follows: (a) intensity level such that heart rates exceeded
60% of maximal heart rate for 20 min; (b) the exercise
frequency was five sessions per week for 2 weeks. Clinical
and laboratory assessments of subjects were recorded
before therapy at baseline, and then on treatment on the
7th and 15th days of treatment.

The statistical analysis was performed by means of SPSS
10.0 for Windows. A paired samples ¢ test was used for
comparison of data within groups at the baseline and at
prescribed follow-ups. The mean changes in IGF-1 and
IGFBP-3 variables (A), calculated as the difference
between two time points (Ag_7, As_1s, and Ag_;5), were
analyzed between the three groups by multiple factor
variance analysis. Age and BMI scores were used as
covariates. The differences on mean changes in the other
variables were determined between patient groups and
controls by the one-way analysis of variance (ANOVA).
Post hoc evaluations were made using the least significant
difference test in multiple factor variance analysis and one-
way ANOVA. Values with p<0.05 were accepted as
statistically significant.

Results

Twenty patients with RA, 15 patients with AS, and 14
healthy controls were included in this study. All of the
patients were clinically non-active because the disease
activity can affect IGF-1 and IGFBP-3 levels, and on stable
medication. None of RA patients had clinically active
disease, which is defined by the presence of at least two of
the following criteria: (a) morning stiffness duration
>30 min, (b) six or more tender joints, (c) three or more
swollen joints, and (d) ESR >28 mm/h. In AS patients, non-
activity was defined according to CRP, ESR levels, and
BASDALI scores. The participants were all females because
IGF-1 and IGFBP-3 levels are affected by gender [17]. One
RA patient was excluded from the study on the third day
because of poor tolerance of the exercise. Thirteen of the
RA patients were being treated with methotrexate (MTX),
and seven were receiving sulphasalazine. The patients with
RA were deemed to be functional status class I-II, as
defined by the American College of Rheumatology [18]. In
the AS group, 13 patients were being treated with
sulphasalazine and two with MTX.

The patients with RA and the healthy controls were
similar in age distribution (mean 46.4+8.3 and 43.2+
6.9 years, respectively). The AS patients were younger than
other participants (mean 37.7+5.9; p<0.05). The BMI
scores of control subjects were lower than those of the
RA and AS groups (mean 26.4+3.8, 30.6+7.5, and 30.6+
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3.6, respectively; p<0.05). The RA patients exhibited a
long duration of symptoms (mean 80.7+75.8 months in RA
and 8.1+6.3 months in AS; p=0.001) and high pain scores
(mean 5.2+1.7 in RA and 3.7£1.9 in AS; p<0.05) in
comparison to AS patients.

The pain evaluation and Ritchie scores were significant-
ly improved after the exercise treatment in the RA patients.
In the AS group, the pain scores were significantly
decreased at the end of 2 weeks (p<0.01), whereas
BASDALI and BASFT scores were statistically significantly
changed only in the first week (p<0.05). There was not a
significant difference between healthy controls and patient
subjects with regard to baseline IGF-1 levels. The important
increases were found in circulating IGF-1 in RA (p<0.001)
and AS (p=0.001) patients at the end of 2 weeks. However,
the increase in IGF-1 levels was higher in the first week
than in the second week in RA group (Table 1).

In the control group, serum IGF-1 levels showed a
decline after exercise; however, these changes were not
statistically significant, except in the first week (»p<0.05;
Table 2). No significant changes were observed in serum
IGFBP-3 levels in three groups.

There were no significant differences on mean changes
in circulating IGF-1 between both patient groups at the end
of 2 weeks. The mean changes in IGF-1 levels were greater
in patient groups than in healthy controls after exercise
(Table 3).

Discussion

A number of studies have investigated the association of
exercise and IGF status in the healthy subjects [8, 9]. As far

as we know, this study is the first study investigating the
effect of dynamic exercise on IGF-1 and IGFBP-3 concen-
trations in RA and AS patients. Our observations revealed
that serum IGF-1 levels were gradually increased by
dynamic exercise during 2 weeks in both patient groups,
but reduced in healthy controls.

It is known that dynamic exercise therapy has beneficial
effects in RA and AS patients [19, 20]. Most of the studies
reported improvements on aerobic capacity, muscle
strength, and disease activity with dynamic exercise in
RA patients [21]. In our study, measurements of disease
activity such as pain scores, Ritchie articular index,
BASDAI, and BASFI scores showed a decline with
exercise, and dynamic exercise was well tolerated by both
patient groups during 2 weeks of therapy. No disease
aggravation occurred in any of the cases.

Increasing IGF-1 concentrations may improve aerobic
capacity. Indeed, some studies have reported that serum
IGF-1 levels are positively associated with physical fitness
and aerobic capacity in healthy individuals [22]. On the
other hand, studies investigating IGF-1 status reported
controversial results in RA and AS. Some studies have
determined the reduced levels of serum IGF-1 in these
patients compared with controls [23], whereas others could
not demonstrate any change [24, 25]. In this study, baseline
circulating IGF-1 and IGFBP-3 levels were not different in
patients and healthy controls.

In RA and AS, the increased IGF-1 may provide
beneficial effects. Firstly, the importance of IGF-1 during
exercise may involve skeletal muscle glucose uptake and
beneficial cardiovascular effects [26]. It has been shown
that IGF-1 can stimulate glucose uptake in human muscle
during exercise [27]. Therefore, the increasing IGF-1

Table 1 Comparison of clinical and laboratory data on 7th and 15th days vs before exercise in both patient groups (mean+SD)

RA group AS group

Baseline 7th day 15th day Baseline 7th day 15th day
Stiffness (min)  38.68+32.65 34.47+£27.12 30.52+19.21 23.33+8.79 22.33+8.20 22.00+9.21
Pain (VAS) 5.15+1.67 44241 .42%*** 4.26+1.24%** 3.73+1.94 3.26+1.62%* 3.06+1.83%*
HAQ 5.63£5.33 4.68+4.72 4.68+4.72 - - -
Ritchie 15.26+10.08 11.57+£7.25* 11.10£6.91%* - - -
BASDAI - - - 25.60+10.37 25.00+9.97* 24.73+10.15
BASFI - - - 39.13+23.53 39.46+23.43* 39.66+23.83
ESR (mm/h) 23.21+5.11 23.42+7.32 24.31+6.21 23.40+6.36 24.00+7.26 25.53+8.00
CRP (mg/l) 0.41£0.07 0.43+0.11 0.41+0.09 0.46+0.15 0.45+0.14 0.45+0.14

IGF-1 (ng/ml) 397.57+199.19 460.42+225.25%%*
IGFBP-3 (ng/ml) 3,470.84+1,318.36 3,721.32+1,229.15

496.89+252.61%***
3,735.36+1,371.45

373.06+104.21 422.60+108.92%**
2,854.13£9,51.99 3,687.60+1,733.46

428.46+106.14%**
2,994.00+1,019.65

p values were compared with baseline values.
*p<0.05

**p<0.01

**%p=0.001

k% <0.001
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Table 2 Comparison of
laboratory data on 7th and 15th

Control group

days vs before exercise in

healthy individuals (mean+SD) Baseline 7th day 15th day
ESR (mm/h) 13.78+5.07 12.71+5.31 12.85+5.02
CRP (mg/l) 0.39+0.05 0.41+0.06 0.40+0.05

p value was compared with IGF-1 (ng/ml) 504.85+248.33 479.28+239.48* 457.92+216.33

baseline values. IGFBP-3 (ng/ml)

3,619.64+1,126.33

3,478.92+995.73 3,767.00+1,064.61

*p<0.05

during exercise may contribute to reduced muscle function
in RA patients. Secondly, RA and AS are connected with
increased risk for cardiovascular disease and premature
death [21]. However, it has been reported that IGF-1
decreases circulating levels of triglycerides and free fatty
acids and leads to vasodilatation by increasing nitric oxide
levels in endothelial cells [28, 29]. These effects may
provide marked improvements on cardiovascular functions
and atherosclerosis in inflammatory disorders, like RA and
AS. Thirdly, systemic osteoporosis is often described in
patients with RA and AS. It is due to various factors such
as physical disability, increased bone-resorbing cytokines,
disease activity, local inflammation around joints, and
glucocorticoid treatment. On the other hand, IGF-1 is a
bone-promoting peptide that reflects osteoblast function [7].
It was reported that osteoporotic patients had reduced
circulating IGF-1 and IGFBP-3 levels [30]. The increased
IGF-1 concentrations by exercise may decrease the severity
of osteoporosis in RA and AS patients.

Many studies have investigated the relationship between
circulating IGF-1 levels and exercise in healthy individuals
but reported controversial results [8, 9, 22]. In this study,
circulating IGF-1 levels were reduced in healthy subjects
by dynamic exercise, whereas it was increased in rheumatic
patients. This may be attributed to inflammation. Many pro-
inflammatory cytokines such as interleukin-6 (IL-6), inter-
leukin-1 (IL-1), and tumor necrosis factor-oc (TNF-c) are

produced by the inflammatory process in RA and AS. In
addition, it is well known that serum levels of these
cytokines are increased by exercise in healthy controls
[31]. On the other hand, several studies reported that IGF-1
synthesis and activity were inhibited by IL-1 and TNF-«
[32]. However, the increased IL-1 and TNF-« levels may
prevent the rise in IGF-1 concentrations during exercise in
healthy cases. This hypothesis may explain the decrease in
serum IGF-1 levels of healthy controls in our study. On the
other hand, the levels of IL-1 and TNF-« in inflammatory
disorders, such as RA and AS, are already higher than the
healthy individuals. Therefore, the increase in these
cytokines may be less pronounced in RA and AS patients
during exercise. This limited increase should not have
suppressed the anticipated rise in the levels of serum IGF-1.
However, Evans et al. [33] studied the effects of 45-min-
bicycle exercise on IL-1 activity in the plasma of male
runners and untrained men. Plasma IL-1 levels in the
trained men were higher than in the untrained men before
exercise. There was no increase in the trained individuals,
whereas IL-1 activities increased after exercise in all of the
untrained men.

In this study, we assessed the short-term effects of
dynamic exercise on serum IGF-1 and IGFBP-3 levels in
RA and AS patients. Our results indicated that levels of
serum IGF-1 were increased by the dynamic exercise
program without apparent aggravation on disease activity

Table 3 Comparison of mean changes on 7th and 15th days among groups

RA group

AS group Control group

IGF-1 (ng/ml)
Ao 5 62.84+94 25%*0

Ag s 36.47+75.11%°

Ao s 99.31+82.10%*°
IGFBP-3 (ng/ml)

Ao 7 250.47+1,482.45
Ay s 14.05+1,064.03

Ao 15 264.52+1,514.15

49.53+44 89**" —25.57+34.34
5.86+36.52 —21.35+65.42
55.40+51.49%*+2 —46.92+82.59

833.46+1,571.55
—693.60+1,648.16
139.86+1,047.30

—140.71+1,036.92
288.07£691.50
147.35+1,324.19

Ay 7 A7—Ay mean changes, A; ;5 Ajs—A; mean changes, A, ;5 Ajs—Ag mean changes

#Significance level of changes, between AS and control groups
b Significance level of changes, between RA and control groups
*p<0.05

**p<0.01

***p=0.001
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in

these patients. The increase in circulating IGF-1

concentrations may play an important role in beneficial
effects of dynamic exercise therapy in RA and AS. Further
research is needed to establish the best intensity and
duration of exercise training to induce these changes.

References

10.

11.

12.

13.

14.

15.

. Ekdahl C, Broman G (1992) Muscle strength, endurance, and

aerobic capacity in rheumatoid arthritis: a comparative study with
healthy subjects. Ann Rheum Dis 51:35-40

. Ekdahl C, Andersson SI, Moritz U, Svensson B (1990) Dynamic

versus static training in patients with rheumatoid arthritis. Scand J
Rheumatol 19:17-26

. van den Ende CH, Breedveld FC, le Cessie S, Dijkmans BA, de

Mug AW, Hazes JM (2000) Effect of intensive exercise on
patients with active rheumatoid arthritis: a randomised clinical
trial. Ann Rheum Dis 59:615-621

. Fernandez-de-Las-Penas C, Alonso-Blanco C, Morales-Cabezas

M, Miangolarra-Page JC (2005) Two exercise interventions for
the management of patients with ankylosing spondylitis: a
randomized controlled trial. Am J Phys Med Rehabil 84:407-419

. Elyan M, Khan MA (2006) The role of nonsteroidal anti-

inflammatory medications and exercise in the treatment of
ankylosing spondylitis. Curr Rheumatol Rep 8:255-259 (Review)

. Heemskerk VH, Daemen MA, Buurman WA (1999) Insulin-like

growth factor-1 (IGF-1) and growth hormone (GH) in immunity
and inflammation. Cytokine Growth Factor Rev 10:5-14

. Rosen CJ (1999) Serum insulin-like growth factors and insulin-

like growth factor-binding proteins: clinical implications. Clin
Chem 45:1384-1390

. Poehlman ET, Rosen CJ, Copeland KC (1994) The influence of

endurance training on insulin-like growth factor-1 in older
individuals. Metabolism 43:1401-1405

. Pyka G, Taaffe DR, Marcus R (1994) Effect of a sustained

program of resistance training on the acute growth hormone
response to resistance exercise in older adults. Horm Metab Res
26:330-333

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, Healey LA, Kaplan SR, Liang MH, Luthra HS et al
(1988) The American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthritis. Arthritis
Rheum 31:315-324

van der Linden S, Valkenburg HA, Cats A (1984) Evaluation of
diagnostic criteria for ankylosing spondylitis. A proposal for
modification of the New York criteria. Arthritis Rheum 27:361-368
Fries JF, Spitz P, Kraines RG (1980) Measurement of patient
outcome in arthritis. Arthritis Rheum 23:137-145

Ritchie DM, Boyle JA, Mclnnes JM, Jasani MK, Dalakas TG,
Grieveson P (1968) Clinical studies with an articular index for the
assessments of joint tenderness in patients with rheumatoid
arthritis. Q J Med 147:768-769

Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P,
Calin A (1994) A new approach to defining disease status in
ankylosing spondylitis: the Bath ankylosing spondylitis disease
activity index. J Rheumatol 21:2286-2291

Calin A, Garrett S, Whitelock H, Kennedy LG, O’Hea J, Mallorie
P, Jenkinson T (1994) A new approach to defining functional

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

ability in ankylosing spondylitis: the development of the Bath
ankylosing spondylitis functional index. J Rheumatol 21:
2281-2285

Jackson A, Ross R (1992) Understanding exercise for health and
fitness, 2nd edn. D. Armstrong Book Printing, Houston, p 32
Fisker S, Jorgensen JO, Vahl N, Orskov H, Christiansen JS (1999)
Impact of gender and androgen status on IGF-I levels in normal
and GH-deficient adults. Eur J Endocrinol 141:601-608
Steinbrocker O, Traeger CH, Batterman RC (1949) Therapeutic
criteria in rheumatoid arthritis. JAMA 140:562-659

van den Ende CH, Vliet Vlieland TP, Munneke M, Hazes JM
(1998) Dynamic exercise therapy in rheumatoid arthritis: a
systematic review. Br J Rheumatol 37:677-687
Mariacher-Gehler S, Wyss-Nather A, Aeschlimann AG (2001)
Physiotherapy in rheumatoid arthritis and ankylosing spondylitis.
Ther Umsch 58:503-508

Stenstrom CH, Minor MA (2003) Evidence for the benefit of
aerobic and strengthening exercise in rheumatoid arthritis.
Arthritis Rheum 49:428-434

Eliakim A, Brasel JA, Mohan S, Barstow TJ, Berman N, Cooper
DM (1996) Physical fitness, endurance training, and the growth
hormone-insulin-like growth factor I system in adolescent
females. J Clin Endocrinol Metab 81:3986-3992

Lemmey A, Maddison P, Breslin A, Cassar P, Hasso N, McCann
R, Whellams E, Holly J (2001) Association between insulin-like
growth factor status and physical activity levels in rheumatoid
arthritis. J Rheumatol 28:29-34

Neidel J (2001) Changes in systemic levels of insulin-like growth
factors and their binding proteins in patients with rheumatoid
arthritis. Clin Exp Rheumatol 19:81-84

Toussirot E, Nguyen NU, Dumoulin G, Regnard J, Wendling D
(1998) Insulin-like growth factor-I and insulin-like growth factor
binding protein-3 serum levels in ankylosing spondylitis. Br J
Rheumatol 37:1172-1176

Juul A (2003) Serum levels of insulin-like growth factor I and its
binding proteins in health and disease. Growth Horm IGF Res
13:113-170

Dohm GL, Elton CW, Raju MS, Mooney ND, DiMarchi R, Pories
WIJ, Flickinger EG, Atkinson SM Jr, Caro JF (1990) IGF-I-
stimulated glucose transport in human skeletal muscle and IGF-1
resistance in obesity and NIDDM. Diabetes 39:1028—1032

Jones JI, Clemmons DR (1995) Insulin-like growth factors and
their binding proteins: biological actions. Endocr Rev 16:3-34
Tsukahara H, Gordienko DV, Tonshoff B, Gelato MC, Goligorsky
MS (1994) Direct demonstration of insulin-like growth factor-I-
induced nitric oxide production by endothelial cells. Kidney Int
45:598-604

Wauster C, Blum WEF, Schlemilch S, Ranke MB, Ziegler R (1993)
Decreased serum levels of insulin-like growth factors and IGF
binding protein 3 in osteoporosis. J Intern Med 234:249-255
Pedersen BK (2000) Special feature for the Olympics: effects of
exercise on the immune system: exercise and cytokines. Immunol
Cell Biol 78:532-535

Lazarus DD, Moldawer LL, Lowry SF (1993) Insulin-like growth
factor-1 activity is inhibited by interleukin-1 alpha, tumor necrosis
factor-alpha, and interleukin-6. Lymphokine Cytokine Res
12:219-223

Evans WJ, Meredith CN, Cannon JG, Dinarello CA, Frontera
WR, Hughes VA, Jones BH, Knuttgen HG (1986) Metabolic
changes following eccentric exercise in trained and untrained
men. J Appl Physiol 61:1864—1868

@ Springer



	Effects...
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


