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Introduction. The purpose of this study was to investigate body composition, muscle function, and muscle morphology in patients
with spondyloarthritis (SpA). Methods. Ten male SpA patients (mean ± SD age 39 ± 4.1 years) were compared with ten healthy
controls matched for sex, age, body mass index, and self-reported level of physical exercise. Body composition was measured by
dual energy X-ray absorptiometry. Musculus quadriceps femoris (QF) strength was assessed by maximal isometric contractions
prior to test of muscular endurance. Magnetic resonance imaging of QF was used to measure muscle size and calculate specific
muscle strength. Percutaneous needle biopsy samples were taken from m. vastus lateralis. Results. SpA patients presented with
significantly lower appendicular lean body mass (LBM) (𝑝 = 0.02), but there was no difference in bone mineral density, fat mass,
or total LBM. Absolute QF strength was significantly lower in SpA patients (𝑝 = 0.03) with a parallel trend for specific strength
(𝑝 = 0.08). Biopsy samples from the SpA patients revealed significantly smaller cross-sectional area (CSA) of type II muscle fibers
(𝑝 = 0.04), but no difference in CSA type I fibers. Conclusions. Results indicate that the presence of SpA disease is associated with
reduced appendicular LBM, muscle strength, and type II fiber CSA.

1. Introduction

The term spondyloarthritis (SpA) constitutes a group of
related rheumatic diseases with ankylosing spondylitis (AS)
often viewed as the prototype. Hallmark clinical features
are inflammatory back pain, peripheral arthritis, and enthe-
sopathy along with extra-articular manifestations such as
uveitis, psoriasis and inflammatory bowel disease [1], and an
increased risk of cardiovascular disease [2].

SpA is a systemic autoinflammatory disease, with abnor-
mal production of proinflammatory cytokines by innate
immune cells contributing to the pathogenesis [3]. Increased
expression of TNF and other proinflammatory cytokines
may curtail myogenic hypertrophic pathways and activate
proteolytic pathways [4–6]. Patients with SpA often describe

beneficial effects of physical activity (PA) on pain and stiff-
ness, indicating a possible direct involvement ofmuscle tissue
in SpA disease [7]. Inflammatory processes in skeletal muscle
can rattle muscle homeostasis, although it is also recognized
as a benign process in accelerating muscle repair and regen-
eration following injury or altered use [8, 9]. Notably, insight
into muscle function and morphology in SpA is inconsistent
and scarce. Lower muscle strength in SpA patients compared
to healthy controls is reported [10–12], although normal level
of muscle force is also described [13]. Regarding body com-
position, reduced lean body mass (LBM) and/or shifts in fat
mass (FM) are observed in SpApatients compared to controls
in a few cross-sectional studies [12, 14, 15], although discor-
dant results have also been published [16–19]. At the level of
local muscle tissue, dated studies observed mild to moderate
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histological abnormalities in AS patients [7, 20, 21]. Thus,
there is a need for more knowledge regarding muscle mor-
phology in SpA. Likewise, insight is also needed concerning
the association between body composition, local muscle
mass, and muscle strength in this patient population.

The purpose of this exploratory study was to test the
hypothesis that the presence of SpA may be associated with
reduced LBM and/or muscle strength. We further hypothe-
sized that SpApatients display abnormalmusclemorphology,
including smallermuscle fibers and presence of inflammatory
cells, in comparison to healthy controls.

2. Materials and Methods

2.1. Participants. A sample of 10 male patients with axial
SpA according to the Assessment of SpondyloArthritis Inter-
national Society (ASAS) classification criteria [22] were
recruited from the outpatient clinic from the Rheumatology
Unit at Diakonhjemmet Hospital, Oslo, and from patient
organizations. Additional inclusion criteria were SpA symp-
tom duration ≥5 years, age 30–45 years, and bodymass index
(BMI) (kg/m2) 18.5–30. Arthritis of the hip or knee joint or
injury of the lower extremity in the past 12 months was con-
sidered exclusion criteria in addition to neuromuscular dis-
ease, cognitive impairment, and a current or previous history
of peroral corticosteroid treatment. A convenient sample of 10
healthy controls fitting the same relevant inclusion criteria
were enrolled in the study and pairwise matched to the
patients by sex, BMI, and self-reported level of endurance and
strength training. The study was approved by the Regional
Ethics Committee and performed according to the Helsinki
declaration. Participants were provided with oral and writ-
ten information and signed a written consent form before
enrolling in the study.

2.2. Subject Characteristics. All participants completed a
questionnaire regarding age, level of education, occupational
status, and smoking behavior. Habitual level of endurance
and strength exercise was self-assessed on a four-graded ordi-
nal scale. For the patients, Human Leukocyte Antigen (HLA)
B27 phenotype, disease symptom duration, and time of diag-
nosis were registered and disease activity was evaluated by
serum blood samples analyzed for C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR). Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), a self-reported
questionnaire, was used as a measure of subjective disease
activity [23]. Physical burden of disease was self-assessed by
the Bath Ankylosing Spondylitis Functional Index (BASFI)
[24]. Axial mobility was recorded using the 11-step Bath
Ankylosing Spondylitis Metrology Index (BASMI) [25].

2.3. Measurements

2.3.1. Body Composition. Body height and mass were
recorded on a stadiometer (Seca 217, Seca gmbh & Co. kg.,
Hamburg, Germany) and used to calculate BMI. Dual energy
X-ray absorptiometry (DXA) (Lunar iDXA, GE Healthcare,
Buckinghamshire, United Kingdom) and enCORE Software
(Version 14.10.022, GE Lunar) were used to estimate total and

regional distribution of LBM and FM, including dispersion
of android and gynoid fat. Appendicular skeletal muscle
mass (RSMI) was predicted by the Baumgartner-equation
[26]: RSMI = (tissue mass arms) + (tissue mass legs)/(height
(m))2. To reduce the possibility of measurement error due to
biological variation in hydration status [27, 28], participants
were asked to fast for a minimum of four hours and refrain
from exercise for 48 hours leading up to the DXA-scan.

2.3.2. Quadriceps Femoris (QF) Volume and Cross-Sectional
Area (CSA). All participants underwent magnetic resonance
imaging (Avanto TIM 76 × 18, Siemens, Erlangen, Germany)
of the thighs. The scanning protocol consisted of three
localizer scans for positioning, a T1-weighted turbo spin echo
(TSE) sequence 15 slices of 5mm thickness (1/15–15/15 of
femur length), repetition time (TR) 432ms, echo time (TE)
9.2ms, field of view (FOV) 450 × 337.5mm, voxel size 1 ×
1× 5mm, and TSE factor 5. Fifteen images were produced by
Siemens software (WB19, Siemens, Erlangen, Germany) and
analyzed by a viewing tool (OsiriX Imaging Software, Pixmeo,
Geneva, Switzerland).

Images numbers 2–13 were used in the data analyses. The
perimeter of the muscle bellies in the anterior compartment
of the thigh was manually outlined as region of interest
(ROI). Interpolation at intervals of 1 : 15 femur length distance
was used to estimate total volume of QF. Mean QF CSA
was computed by averaging the CSA of all twelve ROIs and
maximumQFCSAwas determined by identifying the largest
ROI captured.

2.3.3. Muscle Function. Maximal voluntary contraction
torque (MVC) of the knee extensors was measured at 90∘
knee angle using an isometric knee-extension device (GYM
2000 AS, Vikersund, Norway). Participants were stabilized in
the apparatus with settings adjusted to ensure a 90∘ angle in
the hip and knee joints. The lever arm of the knee-extension
device with an attached force transducer (HBM U2AC2,
Darmstadt, Germany) was adjusted so that the contact point
with the participant’s calf was just proximal to the line of
the medial malleolus. Succeeding a warm-up protocol, the
participants performed three unilateral maximal isometric
contractions. Each contraction lasted for five sec, with 60 sec
recovery time interspaced between each attempt. Participants
were instructed to attain maximal force as quickly as possible
and MVC torque (Newton meter—Nm) was recorded from
the best trial (the highest MVC trial). LabView software
(National Instruments Corporation, Austin, TX, USA) was
used for data acquisition and inspection of time-force curves.
The RFD data were smoothed with running average (20ms)
and the peak RFD (Nm/s) calculations were derived between
10ms intervals (10thms–1stms). Specific muscle strength
(maximal voluntary torque pr. unit muscle) was calculated
as the MVC Nm/total QF volume ratio and MVC Nm/max
QF CSA ratio. All MVC and RFD results are presented as the
mean of the left and right leg, which were tested separately.

Following the MVC tests, the participants completed
a test of muscular endurance. They performed as many
repetitions of knee extension as possible with a resistance of
30% of MVC. Each repetition was performed at the pace of
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ametronome (KorgmetronomeMA-30, China)with one sec-
ond in the concentric phase and one second in the eccentric
phase. Initiating the movement with 90 degrees of flexion
in the knee, the knee was fully extended and then lowered
back to the starting position. Fatigue was defined as the
inability to fully extend the knee at the pace of themetronome
for three consecutive repetitions. A hand tally counter (Clas
Ohlson, Insjön, Sweden) registered the total number of
repetitions. Total workload (number of repetitions × kg) was
then recorded. Unilateral measures of muscle function were
computed and are presented as the total of right and left leg.

2.3.4. Muscle Morphology. In an attempt to eliminate the
acute effects of exercise on study variables [29], participants
were asked to abstain from exercise for 48 hours prior to
muscle tissue sampling. With participants in a supine posi-
tion, the muscle biopsy was obtained under local anesthesia
(Xylocaine + Adrenaline, 10mg/mL + 5 𝜇g/mL; AstraZeneca,
Södertälje, Sweden). A percutaneous biopsy was taken from
the midsection of m. vastus lateralis using a 6mm Pelomi
needle (Albertslund, Denmark) with manual suction and a
double-chop method. A total of approximately 100–150mg
tissue was collected. Following excision, tissue samples for
immunohistochemical analyses were rinsed and embedded
in Tissue-Tek compound (Cat # 4583, Sakura Finetek, CA,
USA) prior to freezing in isopentane cooled on liquid
nitrogen and thereafter stored at −80∘C until further analysis.

Immunohistochemical Analysis. Tissue samples were thawed
to −20∘C and serial 8𝜇m thick sections were cut using
a microtome (CM 1860 UV, Leica Microsystems; Nuss-
loch, Tyskland) and mounted on microscope slides (Super-
frost Plus, Thermo Scientific, MA, USA). Muscle sections
were double stained (see additional files in Supplementary
Material available online at http://dx.doi.org/10.1155/2016/
6507692) with antibodies against myosin heavy chain II
(MHCII)/dystrophin, CD68/dystrophin, CD66b/dystrophin,
and Pax7/laminin. Monoclonal antibodies against Pax7 were
used to visualize satellite cells, CD68 and CD66b to visualize
leukocytes (macrophages and neutrophils, resp.), SC-71 to
visualize fiber type distribution (MHC II), and polyclonal
antibodies against laminin and dystrophin to identify cellular
position (Figures 5 and 6).

Slides were thereafter washed before incubation for
45min with an appropriate secondary antibody (see addi-
tional files), washed again, coated with a coverslip and glued
with ProLong Antifade Reagent with DAPI (Cat # P36935,
Molecular Probes, Life Technologies, USA), and left to dry
overnight at room temperature. A high-resolution camera
(DP72, Olympus Corp., Tokyo, Japan) mounted on a micro-
scope (BX61, Olympus Corp., Japan) with a fluorescent light
source (X-cite 120PCQ; EXFO Photonic Solutions Inc., Mis-
sissauga, ON, Canada) was used to visualize and take pictures
of the muscle sections.

Image Analysis. The numbers of fibers and positive cells were
manually counted. Muscle fibers cut longitudinally, fibers
with fractured membranes, and fibers with unclear staining
were excluded from further analysis. A total of 536 ± 183

and 577 ± 210 fibers were included in the analyses from the
patients and the controls, respectively. The counted muscle
fibers were used to determine the number of satellite cells,
CD68 and CD66b positive cells per muscle fiber and per
fiber phenotype.The analyses were performed on consecutive
neighbor cross sections so that it was possible to identify
fibers for the fiber type specific analyses of satellite cells.

The counting criterion for satellite cells was colocalization
of Pax7 and DAPI staining within the laminin staining
showed in Figure 5. Both intracellular and extracellular
leukocytes (macrophages and neutrophils) were quantified
by counting criterion of colocalization of DAPI staining and
CD68 or CD66b and whether the positive cells were located
inside or outside dystrophin staining (Figures 6(a) and 6(b)).

Myonuclei were analyzed with ImageJ using Fiji image
and cell counter processing package (http://fiji.sc/Cell Coun-
ter) (Figure 7(a)). To achieve satisfactory statistical power, 50
muscle fibers of each fiber type were included in the analysis
[30]. DAPI staining with the geometric center within the
dystrophin stain was defined as myonuclei (Figure 7(b)) [31].
Myonuclei are presented as number per muscle fiber and
myonuclear domainwas calculated by dividing the number of
myonuclei by muscle fiber CSA.

TEMA (ChekVision, Hadsund, Denmark) was used to
identify SC-71 staining for fiber type determination, and
fiber CSA was analyzed by calculating the area within the
dystrophin staining (Figure 7).

2.4. Statistical Analyses. Statistical analysis and tests were
carried out using SPSS (version 21, IBM, Armonk, NY, USA)
and GraphPad Prism (version 6, GraphPad Software, La
Jolla, CA, USA). Descriptive statistics are presented as mean
with standard deviation andminimumandmaximumvalues.
To analyze patient-control differences, normally distributed
variables were compared using paired samples 𝑡-test. Skewed
variables were log-transformed prior to parametric tests or
analyzed by Wilcoxon signed ranks test. Ordinal variables
were compared by Pearson chi square test. Significance was
accepted at the 0.05-level. No systematic sample size calcu-
lation was performed by virtue of the pilot character of the
study.

3. Results

3.1. Participant Characteristics and Disease Activity. Control
participants were significantly taller and heavier than their
patient fellow, although BMI was similar between groups.
There was no difference between patients and controls in
terms of age, employment status, smoking behavior, or level
of endurance and strength exercise. Patients presented with a
mean disease symptom and diagnosis duration of 15.5 ± 6.6
years and 10.0 ± 7.9 years, respectively, six patients had AS,
one had psoriasis arthritis, and the remaining three presented
with axial SpA (Table 1). One patient had previously under-
gone prosthetic replacement of the left hip due to congenital
causes, and respective measures of muscle function and QF
volume and CSA were excluded from all comparative analy-
ses.
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Table 1: Subject characteristics∗.

Variable Patients
𝑛 = 10

Controls
𝑛 = 10

p (95% CI lower; upper)∧

Age (at time of study) 39 ± 4.1 (33–44) 38 ± 5.1 (31–45) 0.57 (−3.7; 6.3)

Body height (cm) 178.1 ± 6.4
(169.5–190.5)

181.8 ± 6.3
(174.5–190.5) 0.04 (−7.3; −0.2)

Femur length 42.4 ± 2.4 (39.5–46.4) 45.4 ± 2.4 (42.5–49.5) 0.002 (−4.7; −1.4)
Femur length/body height (%) 24 ± 1 (23–25) 25 ± 1 (23–27) 0.01 (−0.02; −0.004)
Body mass (kg) 75.2 ± 7.8 (65.0–90.6) 79.9 ± 11.4 (74.2–95.5) 0.04 (−9.0; −0.3)
BMI, kg/m2 23.6 ± 1.3 (21.9–25.6) 24.0 ± 2.3 (20.0–27.8) 0.43 (−1.6; 0.7)
Smoking behavior 0.35§

Nonsmoker, 𝑛 (%) 8 (80) 7 (70)
Previous smoker, 𝑛 (%) 1 (10) 3 (30)
Current smoker, 𝑛 (%) 1 (10) 0 (0)

Full-time employment, 𝑛 (%) 10 (100) 10 (100) 1.00
Level of endurance exercise (1–4) 2.3 ± 0.7 (1–3) 2.2 ± 0.6 (1–3) 0.89§

Level of strength exercise (1–4) 1.8 ± 0.6 (1–3) 2.0 ± 0.7 (1–3) 0.77§

HLA-B27 positive, 𝑛 (%) 9 (90) —
BASDAI score 2.7 ± 1.1 (0–3.7) —
BASFI score 0.9 ± 0.8 (0–2.6) —
BASMI score 2.3 ± 1.1 (0.7–4.6) —
CRP, mg/L 7.0 ± 7.7 (<1–21) —
ESR, mm/h 9.3 ± 9.7 (<1–26) —
Anti-inflammatory medication

NSAIDs, 𝑛 (%) 6 (60) 0 (0) —
DMARDs, 𝑛 (%) 2 (20) 0 (0) —
TNF-inhibitors, 𝑛 (%) 4 (40) 0 (0) —

BMD, g/cm2 1.27 ± 0.04 (1.20–1.33) 1.31 ± 0.13 (1.11–1.60) 0.39 (−0.15; 0.06)
BMD, 𝑇-score 0.65 ± 0.43 (0–1.3) 1.09 ± 1.33 (−0.9–4.0) 0.37 (−1.5; 0.6)
Lean body mass, kg/m2 18.2 ± 1.8 (15.1–21.3) 18.6 ± 1.6 (17.1–21.6) 0.32 (−1.2; 0.4)
Appendicular lean mass RSMI, kg/m2 8.3 ± 0.9 (7.2–9.6) 8.8 ± 0.8 (8.0–10.1) 0.02 (−0.9; −0.1)
Body fat, % 21.9 ± 7.0 (8.4–30.2) 20.1 ± 6.2 (12.6–31.2) 0.47 (−3.5; 7.1)
Android fat, % 25.3 ± 10.9 (6.3–39.7) 21.6 ± 10.1 (10.6–36.5) 0.31 (−4.1; 11.3)
Gynoid fat, % 21.0 ± 6.9 (8.2–29.6) 20.8 ± 5.7 (15.0–32.8) 0.95 (−5.3; 5.6)
∗Values are mean ± SD (range) unless otherwise indicated. ∧Comparison between patients and controls tested by paired samples 𝑡-test unless otherwise
indicated. §Pearson chi square test. AS: ankylosing spondylitis. BASDAI: Bath AS Disease Activity Index. BASFI: Bath AS Functional Index. BASMI: Bath
AS Metrology Index. BMD: bone mineral density. BMI: body mass index. CI: confidence interval. CRP: C-reactive protein. DMARDs: disease modifying
antirheumatic drugs. ESR: erythrocyte sedimentation rate. NSAIDs: nonsteroidal anti-inflammatory drugs. PsA: psoriasis arthritis. RSMI: relative skeletal
muscle index. SpA: spondyloarthritis. TNF: tumor necrosis factor.

3.2. Body Composition. There was no significant group dif-
ference in bone mineral density (BMD), BMD 𝑇-score, total
LBM, total body fat%, android fat%, or gynoid fat%. Appen-
dicular lean mass (RSMI) was however significantly lower
in the patient group (8.3 kg/m2) compared to the controls
(8.8 kg/m2) (𝑝 = 0.02) (Table 1).

3.3. QF Volume and CSA. Total QF volume was significantly
higher in control participants and may be accounted for
by the coincidental inferior femur length/body height ratio
in patients. Mean QF CSA was not significantly different

between groups, but we observed a trend towards lower
maximal QF CSA in the patients (𝑝 = 0.07) (Table 2).

3.4. Muscle Function. Between-group analyses of muscle
function revealed no significant difference in RFD. The SpA
patients had lower values forMVC (187±38Nm, Pat 01 omit-
ted) compared to the controls (226 ± 29Nm, Ctr 01 omitted)
(𝑝 = 0.03, CI: −71.7; −5.9) (Figure 1).There was no significant
difference in measures of specific strength when force was
normalized to total QF volume. Muscle strength normalized
to QF maximal CSA tended to be lower in the SpA patients
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Table 2: Quadriceps femoris: parameters of volume, CSA, and muscle function∗.

Variable Patients
𝑛 = 9

Controls
𝑛 = 9

𝑝 (95% CI lower; upper)∧

QF total volume, cm3 2013 ± 382 (1457–2738) 2296 ± 293 (1836–2705) 0.004 (−447.5; −118.4)
QF mean CSA, cm2 60 ± 9 (46–75) 63 ± 7 (52–72) 0.17 (−8.7; 1.8)
QF max CSA, cm2 81 ± 11 (65–97) 86 ± 9 (73–104) 0.07 (−12.3; 0.5)
Specific strength

MVC Nm/QF total vol., Nm/cm3 0.094 ± 0.01 (0.08–0.11) 0.099 ± 0.01 (0.09–0.11) 0.36 (−0.017; 0.007)
MVC Nm/QF max CSA, Nm/cm2 2.32 ± 0.37 (1.87–2.93) 2.62 ± 0.22 (2.30–2.96) 0.08 (−0.64; 0.05)

Peak RFD, Nm/s 1639 ± 319 (1383–2425) 1950 ± 841 (1115–3913) 0.44m§

Muscle endurance
Number of repetitions 38.3 ± 13.8 (19–56) 38.6 ± 8.2 (30–54) 0.95 (−13.6; 12.8)

Total workload (reps × kg), kg 568.5 ± 206.3
(267.8–857.2) 690.5 ± 151.4 (503.1–988) 0.10 (−270.4; 26.5)

∗Values are mean ± SD (range) unless otherwise indicated. ∧Comparison between groups tested by paired samples 𝑡-test unless otherwise indicated. mLog-
transformed variable. §Wilcoxon signed ranks test. CSA: cross-sectional area. MVC: maximal voluntary contraction. Nm: Newton meter. QF: m. quadriceps
femoris. RFD: rate of force development.
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Figure 1: Maximal voluntary contraction (MVC) torque. Measured
as isometric contraction of m. quadriceps femoris. Lines drawn
signify the pairwise match of patient-control.

(𝑝 = 0.08), although the difference was nonsignificant.
Regarding muscle endurance, the number of repetitions at
30% MVC was practically identical (Table 2).

3.5. Muscle Morphology

3.5.1. Fiber Type Distribution and Fiber CSA. Muscle fiber
type distribution was similar between patients and controls,
although the individual variation was large in both groups
(Table 3). Mean type I fiber CSAwas similar between patients
(mean± SD 5269±1890 𝜇m2) and controls (5598±1355 𝜇m2)
(𝑝 = 0.54, CI: −1502.3; 884.3), whereas mean fiber CSA of
type II fibers was 24.7% larger in controls (7019 ± 1585 𝜇m2)
compared to patients (5474 ± 1840 𝜇m2) (𝑝 = 0.04, CI:
−3281.0; −83.2) (Figure 2). Ratio of mean type II and type I
fiber CSA was significantly higher in controls (Table 3).
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Figure 2: Muscle fiber CSA for type I and type II fibers inm. vastus
lateralis. Lines drawn signify the pairwise match of patient-control.

3.5.2. Myonuclei and Satellite Cells. The mean number of
myonuclei and central nuclei was comparable between
groups. We detected a wide range in the number of satellite
cells, with extreme values in both the patient and control
group (Table 3).Therewas no groupdifference in satellite cells
pr. type I fiber, whereas the tending difference in satellite cells
for type II fibers was nonsignificant. Compared to controls,
patients presentedwith a similarmyonuclear domain for type
I fibers (1469 ± 240 𝜇m2 versus 1478 ± 189 𝜇m2, 𝑝 = 0.93,
CI: −244.7; 226.1) and a nonsignificant tendency for lower
type II fiber myonuclear domain (1351 ± 243 𝜇m2 versus
1512 ± 239 𝜇m2, 𝑝 = 0.15, CI: −392.6; 70.2) (Figure 3).

3.5.3. CD66b and CD68 Positive Cells. The amount of CD66b
(marker for neutrophils) positive cells per 100 muscle fibers
was similar (2.8 ± 2.1 and 1.7 ± 0.9 for patients and controls,
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Table 3: Muscle morphology: parameters obtained from biopsy ofm. vastus lateralis∗.

Variable Patients
𝑛 = 10

Controls
𝑛 = 10

𝑝 (95% CI lower; upper)∧

Muscle fiber distribution
Type I, % 54.9 ± 13.8 (33.6–76.8) 48.5 ± 11.4 (30.5–68.3) 0.32 (−7.5; 20.5)
Type II, % 45.1 ± 13.8 (23.2–66.4) 51.5 ± 11.4 (31.7–69.5) 0.34 (−4.2; 10.8)

Ratio CSA type II/type I 1.05 ± 0.17 (0.83–1.37) 1.27 ± 0.22 (0.95–1.94) 0.05 (−0.442; −0.002)
Myonuclei

Type I, pr. fiber 3.6 ± 1.1 (2.2–6.0) 3.8 ± 0.6 (3.1–4.8) 0.65 (−0.96; 0.63)
Type II, pr. fiber 4.0 ± 1.1 (2.6–6.0) 4.6 ± 1.0 (3.2–6.5) 0.25 (−1.75; 0.51)

Central nuclei
Type I, pr. fiber 0.02 ± 0.03 (0.00–0.10) 0.08 ± 0.14 (0.00–0.44) 0.20§

Type II, pr. fiber 0.03 ± 0.03 (0.00–0.08) 0.08 ± 0.11 (0.00–0.32) 0.26§

Satellite cells, Pax7-positive
Type I, pr. 100 fibers 8.8 ± 8.0 (1.5–29.7) 6.4 ± 4.2 (1.6–17.1) 0.62 (−0.61; 0.97)m

Type II, pr. 100 fibers 5.5 ± 2.7 (2.6–11.3) 8.0 ± 6.0 (3.4–24.3) 0.13 (−0.76; 0.12)m
∗Values are mean ± SD (range) unless otherwise indicated. §Wilcoxon signed ranks test. mLog-transformed variable, paired samples 𝑡-test. CD68: marker for
macrophages. CD66b: marker for neutrophils. CSA: cross-sectional area. ECM: extracellular matrix. ∧Comparison between groups tested by paired samples
𝑡-test unless otherwise indicated.
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Figure 3: Myonuclear domain for muscle fiber type I and type II in
m. vastus lateralis. Lines drawn signify the pairwisematch of patient-
control.

resp.) and test of log-transformed variables was nonsignifi-
cant (𝑝 = 0.51, CI: −0.65; 1.21) (Figure 4). There was a ten-
dency for increased level of CD68 (marker for macrophages)
positive cells in patients (10.6 ± 3.9 per 100 fibers) compared
to controls (7.9 ± 1.8), but the difference was nonsignificant
(𝑝 = 0.11, nonparametric test) (Figure 4).

4. Discussion

The main findings of the present study were a signifi-
cantly lower appendicular LBM, muscle fiber type II CSA,
and muscle strength in SpA patients compared to healthy
controls. Furthermore, in the muscle biopsies of SpA
patients, we detected a trend towards increased frequency of
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Figure 4: Number of CD68 positive macrophages and CD66b
positive neutrophils in ECM in m. vastus lateralis. Lines drawn
signify the pairwise match of patient-control; some lines appear
duplicated as they represent pairs with similar values.

macrophages; heterogeneous leukocytes can both stimulate
and attenuate muscle tissue repair [32].

Our observation of significantly lower appendicular LBM
and no difference in total FM in SpA patients concur with
the results of two previous studies [12, 15] but oppose no
difference in body composition reported elsewhere [16–19].
Sari et al. [14] estimated body composition by methods
of inferior validity [33] and detected lower FM in male
AS patients compared to healthy controls. Comparison of
body composition values between studies is challenging as
most studies investigating SpA patients and healthy controls
present absolute values of FMand LBM (kg) alongwith group
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Figure 5: Pax7 positive cell (satellite cell) inside the yellow square.
Red stain: laminin, green stain: Pax7, and blue stain: DAPI (nuclei).

differences in height and/or mass [12, 16, 18], thereby bypass-
ing body composition values relative to stature (kg/m2).

We observed lower appendicular LBM in concert with
significantly inferior muscle strength in the SpA patients.
Direct comparison to other studies reporting analogous lower
muscular force in AS patients [10–12] is challenging due to
variation in measurement methods, contraction type, and
muscle group studied. Furthermore, the reported group dif-
ferences may have been confounded by disparity in training
status between patients and control participants. In this
study, patients were matched with a fellow control reporting
corresponding levels of physical exercise. Nonetheless, we
observed significantly lower knee extensor peak torque in
the SpA patients. In contrast, a recent study [13] reported no
difference in isometric knee extensor strength between AS
patients and healthy controls with similar levels of PA, as well
as comparable levels of muscle force values when normalized
to ultrasound-derived measures of QF anatomical CSA (spe-
cific strength). Along with total muscle volume, QF maximal
CSA is considered a strong predictor of muscle force [34].
Upon normalizingmuscle force toQFmaximal CSA (specific
strength), we observed a tendency for lower specific strength
in the patient group, indicating a possible difference inmuscle
quality.

An important observation in the current study is the sig-
nificantly smaller type II fibers in the patient group.Myofiber
size is positively correlated with muscle strength [35], and
lower type II fiber CSA in SpA patients may explain the con-
comitant lower muscle strength. Fiber hypertrophy is further
reported to enhance maximal torque and rate of torque
development [35, 36] and measures of MVC and RFD are
considered to be highly related [37]. The observation of no
significant group difference in RFD despite lower maximum
strength and smaller type II fibers in the SpA patients was
therefore surprising. However, our RFD data shows large
variance, and combined with a small sample size, measures
of RFD may have been inflicted by a type 2 error.

Previous studies have detected angulated and atrophic
muscle fibers in muscle biopsies yielded from AS patients [7,
20, 21]. However, myofiber CSA values and adequate match-
ing to healthy controls are lacking in these studies, rendering
it impossible to compare fiber size and study population to

our current research. Disease manifestations may also differ
from what we encounter in our present-day clinical practice
due to modern therapeutic options. To our knowledge, ours
is the first present-day study assessing muscle morphology in
SpA. Strength training can induce preferential hypertrophy of
type II fibers, whereas endurance exercise has limited effect
on fiber size [38, 39]. We attempted to eliminate the influence
of strength training on type II fiber size by matching patients
and controls on self-reported exercise habits. Increased fiber
CSA is associated with an initial enhancement in the ratio
of myonuclei to cell cytoplasm volume [40], consistent with
the observed trend towards greater type II fiber myonuclear
domain in our control participants (Figure 3). On an opposite
note, recent studies have highlighted the possibility that
muscle atrophy is not accompanied by loss of myonuclei [41].
Although highly speculative, the trend towards decreased
myonuclear domain in type II fibers from SpA patients may
therefore illustrate the effect of catabolic pathways on previ-
ously enlarged muscle fibers.

Satellite cells are important for muscle regeneration and
for hypertrophy in response to strength training [38]. While
enhanced number of satellite cells has been observed fol-
lowing strength training [42, 43], proinflammatory pathways
are associated with a decrease in volume and function of
the satellite cell pool [8]. Interestingly, we observed a lower
proportion of satellite cells in type II fibers in patients com-
pared to controls. Although the group difference was non-
significant (𝑝 = 0.13) (Table 3), we ponder on the possibility
that inferior levels of satellite cells may curb the regenerative
and/or adaptive ability of skeletal muscle in SpA patients.
However, since the number of satellite cells may increase
acutely several days after exercise [44], the 48-hour training
ban may not have been sufficient to exclude exercise-driven
changes in the number of satellite cells.

The present study detected a wide range in numbers
of extracellular matrix (ECM) located macrophages, with a
nonsignificant trend (𝑝 = 0.11) towards higher amounts
in the biopsies from SpA patients. Inflammatory processes
in muscle tissue are commonly observed following altered
use or muscle injury but may also be a consequence of
autoimmune skeletal muscle disease [4, 8]. The level of
neutrophils was, however, comparable between patient and
control participants. Biopsy samples were not stained for var-
iousmacrophage phenotypes andwe cannot estimate the pro-
portion of pro- and anti-inflammatory macrophages. Proin-
flammatory macrophages secrete TNF and cytokines that
may bluntmyofiber regeneration, whereas anti-inflammatory
macrophages promote differentiation of myogenic precursor
cells [8, 45]. Study participants were advised to refrain from
exercise the last two days prior to biopsy sampling. However,
since the volume of macrophages is reported to plateau
several days after exercise [46], the 48-hour training banmay
not have been sufficient to exclude exercise-driven infiltration
of macrophages. Nonetheless, the trend towards higher level
of macrophages in the SpA patients may also be related to the
disease in question. Ancillary immunoblot analysis of muscle
biopsies is needed to identify whether the presence of SpA
disease is associated with increased myogenic expression of
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(a) (b)

Figure 6: (a) CD66b positive cell (neutrophil granulocyte) inside the yellow square. Red stain: laminin, green stain: CD66b, and blue stain:
DAPI (nuclei). (b) CD68 positive cell (macrophage) inside the yellow square. Red stain: laminin, green stain: CD68, and blue stain: DAPI
(nuclei).
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Figure 7: Countingmyonuclei. (a) Biopsymarkedwith dystrophin (red stain),MHC II (green stain), andDAPI (blue stain). Roman numerals
indicate fiber types I and II. Red numbers mark myonuclei in type I fibers and white numbers for type II fibers. (b) Blue stain: DAPI
(myonuclei) and red markings: dystrophin. Myonuclei branded with M were determined to have their geometric center (nucleus center)
inside the dystrophin labeling.

factors known to curtail muscle hypertrophy or increase
proteolysis.

Patients included in this study reportedmoderate current
disease severity. Likewise, serum inflammatory values indi-
cate low current disease activity compared to other studies
with SpApatients [12, 14, 16, 17, 19, 47], althoughESR andCRP
presented with a wide range. However, patient self-report
disclosed a history of disease flares in most patients, perhaps
contributing to the observed difference in muscle function
and morphology between patients and controls.

The effect of pharmaceutics commonly used in SpA on
muscle tissue is equivocal and we cannot discard a confound-
ing effect on study variables. Conducting a study on SpA
patients with discontinuedmedication could perhaps unravel
the true effect of disease on muscle tissue but involves
inescapable ethical barriers. Conflicting results are reported
in a systematic review [48] summarizing the effects of
NSAIDs on parameters related to muscle growth. The
majority of human trials do not uncover adverse effects of
occasional use of NSAIDs on postexercise protein synthesis
or muscle hypertrophy. Certain animal studies do however
indicate the opposite [49, 50], and the consequence of

longstanding use is unknown. Furthermore, evidence sug-
gests that NSAIDs may blunt satellite cell activity and thus
potentially curtail the potential of muscle hypertrophy [51].
Regarding TNF, prospective research has investigated the
effect of initiating anti-TNF medication on parameters of
body composition and the results are conflicting. Studies on
SpA and psoriasis patients report shifts in body mass, FM,
and/or LBM after commencing anti-TNF medication [52–
55]. Discrepant results are reported in studies that noted no
significant effect of TNF-blockers on body composition in
patients with rheumatoid arthritis [56, 57]. There is a lack of
human studies that histologically assess the impact of TNF-
blockers on local muscle tissue. However, in mice with a
genetic defect similar to dystrophy and myopathy, subcuta-
neous injections of TNF-blocker etanercept impeded inflam-
matory and degenerative histological changes [58], and low-
dose infliximabwas beneficial formuscle strength andmuscle
fibrosis [59]. Subgroup analysis of medication in our patient
cohort is conducted on a small sample and should be inter-
pretedwith caution (data supplements). Collectively, our data
may suggest a need for future SpA exercise studies to consider
the potential effect of medication type on outcome variables.
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There are several limitations to our study. Despite aiming
to pairwisematch patients and controls for level of endurance
and strength exercise, an undisclosed group difference in
training volume could have influenced study variables.
Although one patient and his fellow control reported no
leisure time exercise, our study may have been subject to
selection bias by predominantly recruiting participants at the
higher level of PA spectrum. In support,measures ofmaximal
isometric muscle force in our study are comparable and
slightly superior to values obtained using similar methods in
a group of recreationally active young men and women [34].
Furthermore, mean myofiber CSA corresponds to normative
morphology data for Norwegian males [60], although our
study admitted individual patients and controls presenting
with a mean fiber size comparable to power-lifters [61].

Researchers were not blinded, and although attempts
were made to standardize all measurements, knowledge
of group membership may have influenced the outcome
variables. The limited number of participants may entail low
statistical power, possibly inflating the chance of making type
2 errors. Because of the exploratory nature of the study, we
have discussed group differences in muscle morphology that
did not adhere to the a priori alpha-level of 0.05, and the
observed trends need further investigation.

5. Conclusions

In conclusion, the present study indicates that the presence
of SpA disease may be associated with reduced appendicular
LBM, muscle strength, and type II fiber CSA. Further studies
on larger and more diverse SpA cohorts are warranted to
confirm our results.
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development of Assessment of SpondyloArthritis international
Society classification criteria for axial spondyloarthritis (part
II): validation and final selection,” Annals of the Rheumatic
Diseases, vol. 68, no. 6, pp. 777–783, 2009.

[23] S. Garrett, T. Jenkinson, L. G. Kennedy, H. Whitelock, P. Gais-
ford, andA. Calin, “A new approach to defining disease status in
ankylosing spondylitis: the bath ankylosing spondylitis disease
activity index,”The Journal of Rheumatology, vol. 21, no. 12, pp.
2286–2291, 1994.

[24] A. Calin, S. Garrett, H. Whitelock, J. O’Hea, P. Mallorie, and
T. Jenkinson, “A new approach to defining functional ability in
ankylosing spondylitis: the development of the bath ankylosing
spondylitis functional index,” Journal of Rheumatology, vol. 21,
no. 12, pp. 2281–2285, 1994.

[25] S. D. Jones, J. Porter, S. L. Garrett, L. G. Kennedy, H.Whitelock,
and A. Calin, “A new scoring system for the Bath Ankylosing
Spondylitis Metrology Index (BASMI),” Journal of Rheumatol-
ogy, vol. 22, no. 8, p. 1609, 1995.

[26] R. N. Baumgartner, K. M. Koehler, D. Gallagher et al., “Epi-
demiology of sarcopenia among the elderly in New Mexico,”
American Journal of Epidemiology, vol. 147, no. 8, pp. 755–763,
1998.

[27] A. Nana, G. J. Slater, W. G. Hopkins, and L. M. Burke,
“Effects of daily activities on dual-energy X-ray absorptiometry
measurements of body composition in active people,”Medicine
and Science in Sports and Exercise, vol. 44, no. 1, pp. 180–189,
2012.

[28] A. Nana, G. J. Slater,W. G. Hopkins, and L.M. Burke, “Effects of
exercise sessions on DXA measurements of body composition
in active people,” Medicine and Science in Sports and Exercise,
vol. 45, no. 1, pp. 178–185, 2013.

[29] A. J. Murton and P. L. Greenhaff, “Resistance exercise and the
mechanisms of muscle mass regulation in humans: acute effects
on muscle protein turnover and the gaps in our understanding
of chronic resistance exercise training adaptation,” International
Journal of Biochemistry and Cell Biology, vol. 45, no. 10, pp.
2209–2214, 2013.

[30] A. L. Mackey, M. Kjaer, N. Charifi et al., “Assessment of satellite
cell number and activity status in human skeletal muscle
biopsies,”Muscle and Nerve, vol. 40, no. 3, pp. 455–465, 2009.

[31] J. C. Bruusgaard, I. B. Johansen, I. M. Egner, Z. A. Rana, and K.
Gundersen, “Myonuclei acquired by overload exercise precede
hypertrophy and are not lost on detraining,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 107, no. 34, pp. 15111–15116, 2010.

[32] E. Rigamonti, P. Zordan, C. Sciorati, P. Rovere-Querini, and
S. Brunelli, “Macrophage plasticity in skeletal muscle repair,”
BioMed Research International, vol. 2014, Article ID 560629, 9
pages, 2014.

[33] T. R. Ackland, T. G. Lohman, J. Sundgot-Borgen et al., “Current
status of body composition assessment in sport: review and
position statement on behalf of the Ad Hoc research working
group on body composition health and performance, under the
auspices of the I.O.C. medical commission,” Sports Medicine,
vol. 42, no. 3, pp. 227–249, 2012.

[34] A. J. Blazevich, D. R. Coleman, S. Horne, and D. Cannavan,
“Anatomical predictors of maximum isometric and concentric



The Scientific World Journal 11

knee extensormoment,”European Journal of Applied Physiology,
vol. 105, no. 6, pp. 869–878, 2009.

[35] J. L. Andersen and P. Aagaard, “Effects of strength training on
muscle fiber types and size; consequences for athletes training
for high-intensity sport,” Scandinavian Journal of Medicine and
Science in Sports, vol. 20, no. 2, pp. 32–38, 2010.

[36] P. Aagaard, E. B. Simonsen, J. L. Andersen, P.Magnusson, and P.
Dyhre-Poulsen, “Increased rate of force development and neu-
ral drive of human skeletal muscle following resistance train-
ing,” Journal of Applied Physiology, vol. 93, no. 4, pp. 1318–1326,
2002.

[37] G. Prebeg, I. Cuk, D. Suzovic, S. Stojiljkovic, D. Mitic, and S.
Jaric, “Relationships among the muscle strength properties as
assessed through various tests and variables,” Journal of Elec-
tromyography and Kinesiology, vol. 23, no. 2, pp. 455–461, 2013.

[38] J. P. Folland and A. G. Williams, “The adaptations to strength
training: morphological and neurological contributions to
increased strength,” Sports Medicine, vol. 37, no. 2, pp. 145–168,
2007.

[39] R. H. Fitts and J. J. Widrick, “Muscle mechanics: adaptations
with exercise-training,” Exercise and Sport Sciences Reviews, vol.
24, pp. 427–473, 1996.

[40] J. K. Petrella, J.-S. Kim, J. M. Cross, D. J. Kosek, and M.
M. Bamman, “Efficacy of myonuclear addition may explain
differential myofiber growth among resistance-trained young
and older men and women,” American Journal of Physiology—
Endocrinology and Metabolism, vol. 291, no. 5, pp. E937–E946,
2006.

[41] J. C. Bruusgaard, I. M. Egner, T. K. Larsen, S. Dupre-
Aucouturier, D. Desplanches, and K. Gundersen, “No change in
myonuclear number during muscle unloading and reloading,”
Journal of Applied Physiology, vol. 113, no. 2, pp. 290–296, 2012.

[42] J. K. Petrella, J.-S. Kim, D. L. Mayhew, J. M. Cross, and M.
M. Bamman, “Potent myofiber hypertrophy during resistance
training in humans is associated with satellite cell-mediated
myonuclear addition: a cluster analysis,” Journal of Applied
Physiology, vol. 104, no. 6, pp. 1736–1742, 2008.

[43] K. E. Hanssen, N. H. Kvamme, T. S. Nilsen et al., “The effect of
strength training volume on satellite cells, myogenic regulatory
factors, and growth factors,” Scandinavian Journal of Medicine
and Science in Sports, vol. 23, no. 6, pp. 728–739, 2013.

[44] T. Snijders, L. B.Verdijk, J. S. J. Smeets et al., “The skeletalmuscle
satellite cell response to a single bout of resistance-type exercise
is delayed with aging in men,” Age, vol. 36, no. 4, article 9699,
2014.

[45] M. Saclier, S. Cuvellier, M. Magnan, R. Mounier, and B.
Chazaud, “Monocyte/macrophage interactions with myogenic
precursor cells during skeletal muscle regeneration,” The FEBS
Journal, vol. 280, no. 17, pp. 4118–4130, 2013.

[46] D. J. Freidenreich and J. S. Volek, “Immune responses to
resistance exercise,” Exercise Immunology Review, vol. 18, pp. 8–
41, 2012.

[47] S. Halvorsen, N. K. Vøllestad, C. Fongen et al., “Physical fitness
in patients with ankylosing spondylitis: comparison with pop-
ulation Controls,” Physical Therapy, vol. 92, no. 2, pp. 298–309,
2012.

[48] B. J. Schoenfeld, “The use of nonsteroidal anti-inflammatory
drugs for exercise-induced muscle damage: implications for

skeletal muscle development,” Sports Medicine, vol. 42, no. 12,
pp. 1017–1028, 2012.

[49] Q. A. Soltow, J. L. Betters, J. E. Sellman, V. A. Lira, J. H. D. Long,
andD. S. Criswell, “Ibuprofen inhibits skeletalmuscle hypertro-
phy in rats,”Medicine and Science in Sports and Exercise, vol. 38,
no. 5, pp. 840–846, 2006.

[50] M. L. Novak, W. Billich, S. M. Smith et al., “COX-2 inhibitor
reduces skeletal muscle hypertrophy inmice,”American Journal
of Physiology—Regulatory Integrative and Comparative Physiol-
ogy, vol. 296, no. 4, pp. R1132–R1139, 2009.

[51] S. Schiaffino, K. A. Dyar, S. Ciciliot, B. Blaauw, and M. Sandri,
“Mechanisms regulating skeletal muscle growth and atrophy,”
The FEBS Journal, vol. 280, no. 17, pp. 4294–4314, 2013.

[52] K. Briot, P. Garnero, A. Le Henanff, M. Dougados, and C. Roux,
“Body weight, body composition, and bone turnover changes
in patients with spondyloarthropathy receiving anti-tumour
necrosis factor 𝛼 treatment,” Annals of the Rheumatic Diseases,
vol. 64, no. 8, pp. 1137–1140, 2005.

[53] K. Briot, L. Gossec, S. Kolta, M. Dougados, and C. Roux,
“Prospective assessment of body weight, body composition,
and bone density changes in patients with spondyloarthropathy
receiving anti-tumor necrosis factor-𝛼 treatment,” Journal of
Rheumatology, vol. 35, no. 5, pp. 855–861, 2008.

[54] I. Hmamouchi, C. Roux, S. Paternotte, S. Kolta, M. Dougados,
and K. Briot, “Early increase of abdominal adiposity in patients
with spondyloarthritis receiving anti-tumor necrosis factor-𝛼
treatment,” Journal of Rheumatology, vol. 41, no. 6, pp. 1112–1117,
2014.

[55] L. D. Renzo, R. Saraceno, C. Schipani et al., “Prospective
assessment of body weight and body composition changes in
patients with psoriasis receiving anti-TNF-𝛼 treatment,” Der-
matologic Therapy, vol. 24, no. 4, pp. 446–451, 2011.

[56] S. M. Marcora, K. R. Chester, G. Mittal, A. B. Lemmey, and P.
J. Maddison, “Randomized phase 2 trial of anti-tumor necrosis
factor therapy for cachexia in patients with early rheumatoid
arthritis,” American Journal of Clinical Nutrition, vol. 84, no. 6,
pp. 1463–1472, 2006.

[57] G. S. Metsios, A. Stavropoulos-Kalinoglou, K. M. J. Douglas
et al., “Blockade of tumour necrosis factor-𝛼 in rheuma-
toid arthritis: effects on components of rheumatoid cachexia,”
Rheumatology, vol. 46, no. 12, pp. 1824–1827, 2007.

[58] H. Nemoto, S. Konno, H. Sugimoto et al., “Anti-TNF therapy
using etanercept suppresses degenerative and inflammatory
changes in skeletal muscle of older SJL/J mice,” Experimental
and Molecular Pathology, vol. 90, no. 3, pp. 264–270, 2011.

[59] N. V. Ermolova, L. Martinez, S. A. Vetrone et al., “Long-term
administration of the TNF blocking drug Remicade (cV1q)
to mdx mice reduces skeletal and cardiac muscle fibrosis, but
negatively impacts cardiac function,”Neuromuscular Disorders,
vol. 24, no. 7, pp. 583–595, 2014.

[60] I. Toft, S. Lindal, K. H. Bønaa, and T. Jenssen, “Quantitative
measurement of muscle fiber composition in a normal popu-
lation,”Muscle and Nerve, vol. 28, no. 1, pp. 101–108, 2003.

[61] A. Eriksson, F. Kadi, C. Malm, and L.-E. Thornell, “Skeletal
muscle morphology in power-lifters with and without anabolic
steroids,”Histochemistry andCell Biology, vol. 124, no. 2, pp. 167–
175, 2005.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


