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Abstract

Background: Variant collagen IIA is re-expressed in diseased cartilage. Low procollagen IIA N-peptide
(PIIANP) levels in serum have recently been reported in rheumatoid arthritis (RA). We investigated circadian
rhythmicity and effect of physical activity on PIIANP in early and longstanding RA and in healthy subjects.
Methods: Patients with early and longstanding RA and controls were included. Fasting and serial blood
samples were collected during 24 h. PIIANP response to physical activity was studied before and serially

after standardized exercise.

Results and conclusion: In RA at different stages and healthy individuals, PIIANP exhibited no circadian
rhythmicity, and PIIANP in serum was not influenced by physical activity.
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Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory
joint disease with autoimmune traits, which causes
cartilage depletion and bony erosions if left untreated.
To study the effect of targeted therapies, it is essential
to apply markers that reflect specific aspects of joint
pathology, e.g. cartilage, bone and soft tissue metabo-
lism (Garnero et al. 2000).

Collagen Il is the major structural protein in cartilage.
There is evidence, that soluble fragments of collagen II
released by enzymic cleavage during fibrillogenesis or
degradation of mature collagen II fibres can be used
to assess the rate of collagen II synthesis and break-
down in RA and osteoarthritis (OA) (Christgau et al.
2001). As a result of alternative splicing there are two
forms of procollagen II (Ryan & Sandell 1990). Type IIA

procollagen is synthesized primarily by immature carti-
lage (Lui et al. 1995, Oganesian et al. 1997, Sandell et al.
1991, Zhu et al. 2001) and as cartilage matures, procol-
lagen IIA expression decreases in favour of procollagen
IIB (Lui et al. 1995, Zhu et al. 1999). However, type IIA
procollagen is re-expressed in damaged cartilage, e.g.
in OA (Aigner et al. 1999). As type IIA procollagen is
expressed in diseased cartilage in particular, the procol-
lagen ITA N-peptide (PIIANP) is suggested to reflect the
anabolic capacity by chondrocytes (Aigner et al. 1999).
We and others have previously reported that PIIANP
in serum is decreased in RA compared with healthy
subjects (Christensen et al. 2009, Rousseau et al. 2004).
However, when the results of molecular marker meas-
urements are interpreted, some issues in addition to
anthropometric factors and technical assay perform-
ance should be addressed, including possible circadian
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changes and the effect of physical activity. Recently,
Quintana et al. reported that PIIANP increases in the
morning when OA patients arise from bed (Quintana
et al. 2008). Similar studies have not been carried out
in other chronic joint diseases including RA. This study
was undertaken in order to investigate whether PIIANP
in the circulation exhibits within- and between-day
changes at an early or late stage of RA compared with
healthy subjects and whether PIIANP is influenced by
a standardized exercise programme in healthy and RA
sufferers.

Methods and materials

Patients and controls

Circadian variation

The study comprised 33 subjects including nine ran-
domly selected, newly diagnosed and untreated RA
patients (disease duration <6 months) (ERA), nine
patients with longstanding disease (5-15 years) and ero-
sions by X-ray in at least one joint/joint area (LRA) and
15 healthy control subjects (Table 1). RA was classified
according to the American College of Rheumatology
criteria (Arnett et al. 1988). Exclusion criteria were
glucocorticoid therapy within 4 weeks before inclu-
sion, past or present malignancy, liver and/or kidney
disease, severe heart (NYHA class >II) or lung disease,
hypertension (>140/90 despite antihypertensive treat-
ment), advanced atherosclerotic disease, pregnancy
and lactation, anticoagulant therapy, concomitant
inflammatory rheumatic diseases, infection with
parvovirus B19 or hepatitis B or C, non-compliance,
arthroplasty or other major surgery within 8 weeks
before inclusion. ERA patients were disease-modifying
antirheumatic drugs (DMARD) and steroid naive and
only non-steroidal anti-inflammatory drugs (NSAIDs)
or mild analgesics were allowed. LRA patients were on
methotrexate (MTX) monotherapy (six patients), MTX
in combination therapy with another DMARD (one) and
sulfasalazine monotherapy (two). Glucocorticoids were
not allowed in any group. Patients with LRA were also
excluded if their DMARD therapy had changed within
3 months before inclusion. Fifteen healthy control sub-
jects were recruited among hospital staff, friends and
family members. No current medication beside over-
the-counter drugs was allowed.

Baseline blood samples were collected at 10.00h
on day one after 1-2h of normal activities including
dressing and breakfast. Subsequently, samples were
obtained every 3h until 22.00 h. Fasting samples were
drawn the following day at 07.00h before rising from
bed and subsequently at 10.00 h. Thus, seven samples
were obtained per individual. During the daytime the

participants were permitted to do normal activities
but they did not participate in heavy physical activities
such as exercises.

Physical exercise

A total of 34 individuals were included: ten DMARD-
and steroid-naive patients with disease duration <6
months (ERA), and ten patients with longstanding RA
with disease duration 5-15 years and erosive disease by
X-ray in at least one joint/joint area (LRA). RA was clas-
sified according to the 1987 ACR criteria (Arnett et al.
1988). Patients with LRA received MTX monotherapy
(five patients), MTX combination therapy (three),
ciclosporin (one) and sulfasalazine (one). NSAIDs
and over-the-counter analgesics were allowed in both
groups. Exclusion criteria were as described above.
The healthy control group consisted of 14 separately
recruited healthy subjects as detailed above.

The exercise programme was carried out between
06.30h and 09.45h. Using a test-bike (Monarch
Viktergometer model 90814 E), the participants under-
went a 5-min warm-up session, aiming to reach a sub-
maximal level at 70-80% of their maximal pulse capacity
(maximum pulse: 220 minus age). Subsequently, the
submaximal level was maintained for 20 min with 4-min
cycles with increasing loads of 0.5, 0.7, 0.9 and 1.1kg,
respectively.

Baseline blood samples were collected immediately
before starting the warm-up session and physical activ-
ity programme, upon termination and subsequently
after 1 and 3 additional hours.

Joint counts (0-40) (van Riel & Scott 2004), the Health
Assessment Questionnaire (HAQ score, 0-3) (Thorsen
et al. 2001) and the visual analogue scale (1-10) (VAS
pain, global and doctor) were recorded in the RA subsets.
Radiographs of hands, wrists and forefeet were assessed
by one experienced radiologist and scored according to
the Larsen method (Larsen et al. 1977).

Laboratory analyses

Blood samples were centrifuged at 2500g for 10 min and
stored at -80°C. C-reactive protein (CRP) (<10 mg1!) and
erythrocyte sedimentation rate (ESR) were measured by
standard methods. IgM-rheumatoid factor (RF) (cut-off
level: 17TUml!) was measured by an enzyme-linked
immunosorbent assay (ELISA) as reported in (Hoier-
Madsen et al. 1986)

PITANP was measured by a competitive ELISA
(Millipore/LINCO Research, USA) as described previ-
ously (Sharif et al. 2007). Interassay coefficients of vari-
ation were 16.3% and 6.4% for low (59-122ng ml™!) and
high (424-880ng ml!) concentration controls, respec-
tively. Intra-assay coefficients of variation were below
5%. All analyses were done in duplicate using kits with
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the same lot number. Serial samples from the same
patient were analysed simultaneously.

Ethics

The trial was approved by the local ethics committee (J.
no. M-2359-02) and fulfilled the Declaration of Helsinki
and the International Conference on Harmonisation
1996 revised guidelines for Good Clinical Practice.

Statistics

Comparison of unpaired data was done using Fisher’s
exact test, the Mann-Whitney U-test or the Kruskal-
Wallis test. To approximate normal distribution,
PIIANP was logarithmically transformed before inclu-
sion in the subsequent analyses. Linear regression was
applied to analyse PIIANP during 24h using baseline
levels at 10.00h as a reference. In addition, a time-
adjusted mixed model was used to calculate within- and
between-subject variations. Linear regression analyses
with robust standard errors were used to analyse the
course of PIIANP during physical activity. In both the
diurnal variation and physical activity study, the slope
of PITANP was computed for each control and RA sub-
ject using linear regression analysis. Subsequently, the
unpaired #-test was used to compare the mean slopes
between groups. Results are presented as median
(interquartile range) except for PIIANP (median (95%
confidence interval (CI)); p-values <0.05 were consid-
ered statistically significant. All analyses were performed
using STATA version 9.2 (www.stata.com).

Results

Diurnal variation

PIIANP measurements from three LRA patients and
three controls at 10.00h on day two were not available.
Patients with ERA had higher swollen joint counts and
VAS doctor score than LRA sufferers. Control subjects
were younger than patients with LRA. In the LRA cohort,
RF-positive patients had significantly lower PIIANP
compared with RF-negative patients (763ng ml, 95%
CI 342-946 vs 1192ng ml!, 95% CI 1083-1301, p=0.04).
There was no correlation between PIIANP and disease
activity measures including VAS scores in either RA
group.

PIIANP exhibited no diurnal variation in any of the
three cohorts (p >0.05 at all time points compared with
baseline). Within-subject variations were 2.43% (95%
CI 2.03-3.03), 2.62% (95% CI 2.13-3.22) and 2.96%
(95% CI 2.48-3.39) for ERA patients, LRA patients and
controls, respectively. Between-subject variations were
3.71% (95% CI 2.20-6.23), 7.84% (95% CI 4.76-12.9)
and 7.97% (95% CI 5.46-11.6) for the ERA cohort, LRA
group and controls, respectively. When comparing the
PIIANP slopes in each cohort, there was no difference
between ERA and LRA patients (p=0.49), between con-
trols and LRA (p=0.28), or between controls and ERA
(p=0.58).

Using linear regression, no variation in PIIANP from
10.00h day 1 to 10.00h day 2 was found in ERA (beta
coefficient -0.02 (-0.18-0.13), p=0.77), LRA (-0.11 (-0.29-
0.07, p=0.22) and controls (0.09 (-0.06-0.24), p=0.25).

Table 1. Diurnal variation. Demographics, clinical and laboratory characteristics of patients with rheumatoid arthritis (RA) and controls at

inclusion.

Variable EarlyRA (n=9) Longstanding RA(n = 9) p-Value Controls (n =15)
Sex M/F (% female) 2/7(78%) 3/6 (67%) 1.00 6/10 (60%)?
Disease duration (months) 3(2.5-3.5) 105 (82-118) <0.001 0

Age (years) 63 (44-72) 62 (54-65) 0.93 48 (40.5-56)*
IgM-RF positive (%) 6/9 (67%) 7/9 (78%) 1.00 -
Erosive disease (%) 1/8 (13%) 9/9 (100%) <0.001 -
Swollen joint count (0-40) 11 (9-12) 4(2-8) 0.01 -
Tender joint count (0-40) 14 (10-15) 10 (2-11) 0.17 -

ESR (mm h™) 15 (10-30) 20 (9-25) 0.96 -

CRP (mg1) 12 (9-16) 15(3-17) 1.00 -

VAS doctor (0-100 mm) 41 (37-56) 29 (6-33) 0.04 -

VAS global (0-100mm) 37 (9-50) 24(19-34) 0.89 -

VAS pain (0-100mm) 48 (9-62) 34 (28-35) 0.63 -

HAQ score (0-3) 0.50 (0.25-1.0) 0.63 (0.38-1.13) 0.63 -
PIIANP (ng ml™) 923 [701-1465] 840 [532-1076] 0.35 736 [518-1182]°

p-Values calculated using Mann-Whitney U-test and Fischer’s exact test. *Not significant compared with either RA group. *p <0.01 compared
with longstanding RA patients; ®not significant compared with patients with early RA. Data are median (interquartile range) except for PIITANP

(median [95% confidence interval]).

RE rheumatoid factor; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; VAS, visual analogue scale; HAQ, Health Assessment

Questionnaire; PITANP, N-terminal propeptide of collagen IIA.
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Physical activity controls with respect to age and gender. There was no
difference in age and gender between RA groups.
PIIANP tended to be lower in RF-positive than in
RF-negative LRA patients (776ng ml™! (494-1336) vs
1202ng ml™! (1177-1575), p=0.07). PIIANP was not asso-
ciated with disease activity measures (data not shown).
Using linear regression analysis, PITANP did not dif-
fer from pre-exercise level during or after exercise (data
not shown) and when comparing the slopes of PITANP
between groups no difference was observed (between
RA groups (p=0.99), between LRA patients and controls

One ERA patient and one LRA patient were consid-
ered outliers (PIIANP <100ng ml™ and >4000ng ml™,
respectively) and were therefore excluded. There was
no difference between these patients and the rest of the
cohort with respect to disease activity measures (data
not shown).

Patients with ERA had higher swollen joint counts
and higher VAS doctor scores compared with patients
with LRA. Neither ERA nor LRA patients differed from
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Figure 1. Procollagen IIA N-peptide (PIIANP) during 24 h observation (baseline, 10.00 h) in healthy individuals with early (ERA) and longstand-
ing (LRA) rheumatoid arthritis. The y-axis is In-scale.

Table 2. Physical activity. Demographics, clinical and laboratory characteristics of patients with rheumatoid arthritis (RA) and controls at
inclusion.

Baselinevariable EarlyRA (n=9) Longstanding RA(n = 9) p-Value Controls(n = 14)
Sex M/F (% female) 1/8 (89%) 3/6 (67%) 0.058 4/10 (40%)
Disease duration (months) 3(2.5-3.3) 35(30.3-52) <0.001 0

Age (years) 44 (38-50) 55 (50-62) 0.07 50 (38-55)*
IgM-RF positive (%) 6/9 (67%) 6/9 (67%) 1.00 -
Erosive disease (%) 2/9 (22%) 10/10 (100%) 0.002 -
Swollen joint count (0-40) 9(8-11) 5(2-7) 0.02 -
Tender joint count (0-40) 10 (5-14) 8(5-11) 0.33 -

ESR (mm h™) 14 (10-15) 18 (14-30) 0.13 -

CRP (mgl™) 5(2-12) 15 (5-25) 0.18 -

VAS doctor (0-100mm) 37 (33-40) 28 (7-31) 0.02 -

VAS global (0-100 mm) 22 (9-35) 26 (14-33) 0.76 -

VAS pain (0-100 mm) 28 (15-49) 18 (15-39) 0.38 -

HAQ score (0-3) 0.25 (0-0.5) 0.5 (0.125-0.625) 0.53 -
PIIANP (ng ml™) 1020 [780-1402] 872 [677-1324] 0.76 629 [425-1069]°

p-Values calculated using Mann-Whitney U-test and Fischer’s exact test

aNot significant compared with either RA group. Data are median (interquartile range) except for PIIANP (median [95% confidence interval]).
RE, rheumatoid factor; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; VAS, Visual Analogue Scale; HAQ, Health Assessment
Questionnaire; PIIANP, N-terminal propeptide of collagen IIA.
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Figure 2. Procollagen ITA N-peptide (PIIANP) before (0), during (0-0.5h) and after (>0.5h) of controlled physical activity. ERA, early rheumatoid
arthritis; LRA, longstanding rheumatoid arthritis; Lnpiianp, logarithmically transformed PIIANP; SEM, standard error of the mean.

(p=0.79), and between ERA patients and healthy indi-
viduals (p=0.87)).

Discussion

RA is a chronic and often progressive disease with dis-
tinctive features at early and advanced stages. This is
the first study comparing circadian changes and effects
of physical activity on PIIANP, an anabolic marker of
cartilage collagen metabolism, in RA at an early and
advanced stage using the same experimental set-up in
both subsets. Of particular note, the study on PITANP in
DMARD- and steroid-naive patients may imply a closer
reflection of the underlying disease mechanisms com-
pared with drug-treated RA patients. As in a previous
study, PITANP was decreased in longstanding seroposi-
tive RA (submitted for publication). By contrast, PITANP
remained stable assessed by seven consecutive within-
day measurements, and likewise there were no signifi-
cant changes during or following a standardized physi-
cal exercise programme. These findings apply to both RA
subsets and healthy control individuals. This observa-
tion is at variance with a recent report by Quintana et al.
including patients with OA at different stages defined by
Kellgren-Lawrence score (Quintana et al. 2008). In that
study PITANP increased by 4.5% within 1h after arising
from bed followed by a decrease to baseline during day-
time (Quintana et al. 2008). The authors suggested that
PITIANP accumulates in the joint during rest, and that it
is mobilized via the lymphatics to the circulation during
day-time physical activity by analogy with hyaluronic
acid and cartilage oligomeric matrix protein (COMP)
(Andersson et al. 20064, b, Engstrom-Laurent & Hallgren

1987, Kong et al. 2006, Quintana et al. 2008). Besides
the possibility that cartilage collagen metabolism dif-
fers between OA and RA, the differences between the
present result and those by Quintana et al. may relate
to different experimental circumstances. In the present
study, we chose 3-h intervals between blood drawings
during the first 12 h followed by fasting blood collection
early next morning before mobilization and then a final
blood sample after exactly 24 h. This procedure has the
advantage that it is feasible for patients and volunteers.
By this approach, however, short-lived changes reflect-
ing normal or diseased pathways may be missed. This
is underscored by studies on hyaluronic acid, which
increases shortly after arising from bed (Engstrém-
Laurent & Hillgren 1987, Manicourt et al. 1999).

The study has some limitations. First, each sub-
set comprised a relatively small number of sub-
jects. However, the reliability of our observations is
underscored by the low within- and between-subject
variations and no day-to-day variation in either the
RA cohorts or the control group. Furthermore, the
upper limit of the CIs of the within-subject varia-
tions in the three cohorts was below 3.39%, which
further strengthens our results because within-subject
variations below 5% can be considered insignificant.
Second, unlike the study by Quintana et al. we did
not account for potential confounding by dietary
collagen intake. However, based on their results, this
source of variation seems to be negligible (Quintana
et al. 2008). Third, RA is a heterogeneous disease
including, for example seropositive and seronegative
disease and patients with or without extra-articular
manifestations. In this study, we confirmed our pre-
vious observation that patients with autoantibodies
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had decreased PIIANP compared with seronegative
patients (submitted for publication). The present
sample sizes do not allow a comparison between
seropositive and seronegative patients with respect to
diurnal variation and physical activity.

In conclusion, this study demonstrates that PITANP
does not exhibit sustained responses to within-day
rhythmic signals or submaximal physical activity.
There were no qualitative differences between RA
patients with early and advanced disease or healthy
subjects.

Acknowledgements

The study was supported by the Danish Rheumatism
Association.

Declaration of interest: The authors report no conflicts
of interest. The authors alone are responsible for the
content and writing of the paper.

References

Aigner T, Zhu Y, Chansky HH, Matsen FA, Maloney W], Sandell LJ.
(1999). Re-expression of type IIA procollagen by adult articu-
lar chondrocytes in osteoarthritic cartilage. Arthritis Rheum
42:1443-50.

Andersson MLE, Petersson IF, Karlsson KE, Jonsson EN, Ménsson B,
Heinegard D, Saxne T. (2006a). Diurnal variation in serum levels
of cartilage oligomeric matrix protein in patients with knee oste-
oarthritis. Ann Rheum Dis 65:1490-4.

Andersson MLE, Thorstensson CA, Roos EM, Petersson IF,
Heinegard D, Saxne T. (2006b). Serum levels of cartilage oligo-
meric matrix protein (COMP) increase temporarily after physical
exercise in patients with knee osteoarthritis. BMC Musculoskelet
Disord 7:98.

Arnett FC, Edworthy SM, Bloch DA, McShane D], Fries JE
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 31:315-24.

Christensen AF, Lottenburger T, Lindegaard H, Christgau S, Horslev-
Petersen K, Junker P. (2009). Differential association of the
N-propeptide of collagen IIA (PIIANP) and the collagen II
C-telopeptide (CTX-II) with synovitis and erosions in early
and longstanding rheumatoid arthritis. Clin Exp Rheumatol
27:307-14.

Christgau S, Garnero P, Fledelius C, Moniz C, Ensig M, Gineyts E,
RosenquistC, QvistP.(2001). Collagen type Il C-telopeptide frag-
ments as an index of cartilage degradation. Bone 29:209-15.

Engstrom-Laurent A, Hillgren R. (1987). Circulating hyaluronic acid
levels vary with physical activity in healthy subjects and in rheu-

matoid arthritis patients. relationship to synovitis mass and
morning stiffness. Arthritis Rheum 30: 1333-1338.

Garnero P, Rousseau JC, Delmas PD. (2000). Molecular basis and
clinical use of biochemical markers of bone, cartilage, and syn-
ovium in joint disease. Arthritis Rheum 43:953-68.

Hoier-Madsen M, Nielsen LP, Moller S. (1986). Determination of IgM
rheumatoid factors by enzyme-linked immunosorbent assay
(ELISA). Ugeskr Laeger 148:2018-21.

Kong SY, Stabler TV, Criscione LG, Elliott AL, Jordan JM, Kraus VB.
(2006). Diurnal variation of serum and urine biomarkers in
patients with radiographic knee osteoarthritis. Arthritis Rheum
54:2496-505.

Larsen A, Dale K, Eek M. (1977). Radiographic evaluation of rheuma-
toid arthritis and related conditions by standard reference films.
Acta Radiol Diagn Stockh 18:481-91.

LuiV, NgJ, Nicholls J, Tam P, Cheah K. (1995). Tissue-specific and dif-
ferential expression of alternatively spliced alphal(II) collagen
MRNAs in early human embryos. Dev Dyn 203:198-211.

Manicourt DH, Poilvache P, Nzeusseu A, van Egeren A,
Devogelaer JP, Lenz ME, Thonar EJ. (1999). Serum levels of
hyaluronan, antigenic keratan sulfate, matrix metalloproteinase
3, and tissue inhibitor of meatalloproteinase 1 change predict-
ably in rheumatoid arthritis patients who have begun activity
after a night of bed rest. Arthritis Rheum 42:1861-9.

Oganesian A, Zhu Y, Sandell L J. (1997). Type IIA procollagen amino
propeptide is localized in human embryonic tissues. / Histochem
Cytochem 45:1469-80.

Quintana DJ, Garnero P, Huebner JL, Charni-Ben Tabassi N,
Kraus VB. (2008). PIIANP and HELIXII diurnal variation.
Osteoarthritis Cartilage 16:1192-5.

Rousseau JC, Zhu Y, Miossec P, Vignon E, Sandell L], Garnero P,
Delmas PD. (2004). Serum levels of type IIA procollagen amino
terminal propeptide (PIIANP) are decreased in patients with
knee osteoarthritis and rheumatoid arthritis. Osteoarthritis
Cartilage 12:440-7.

Ryan MC, Sandell L]. (1990). Differential expression of a cysteine-
rich domain in the amino-terminal propeptide of type II (car-
tilage) procollagen by alternative splicing of MRNA. J Biol Chem
265:10334-9.

Sandell L], Morris N, Robbins JR, Goldring MB. (1991). Alternatively
spliced type II procollagen MRNAs define distinct populations
of cells during vertebral development: differential expression of
the amino-propeptide. J Cell Biol 114:1307-19.

Sharif M, Kirwan J, Charni N, Sandell L], Whittles C, Garnero P. (2007).
A 5-yr longitudinal study of type IIA collagen synthesis and total
type Il collagen degradation in patients with knee osteoarthritis -
association with disease progression. Rheumatology 46:938-43.

Thorsen H, Hansen TM, Mckenna SP, Serensen SE, Whalley D.
(2001). Adaption into Danish of the Stanford Health Assessment
Questionnaire (HAQ) and the Rheumatoid Arthritis Quality of
Life Scale (RaQol). Scand ] Rheumatol 30:103-9.

van Riel PL, Scott DL. (2004). Eular Handbook of Clinical Assessments
in Rheumatoid Arthritis. The Netherlands: Van Zuiden
Communications BV.

ZhuY, McAlinden A, Sandell LJ. (2001). Type IIA procollagen in devel-
opment of the human intervertebral disc: regulated expression
of the NH2-propeptide by enzymic processing reveals a unique
developmental pathway. Dev Dyn 220:350-62.

ZhuY, Oganesian A, Keene DR, Sandell L]. (1999). Type II1A procolla-
gen containing the cysteine-rich amino propeptide is deposited
in the extracellular matrix of prechondrogenic tissue and binds
to TGF-beta 1 and BMP-2. J Cell Biol 144:1069-80.

RIGHTS LI N Kdx



	Circadian pattern and the effect of standardized physical exercise on procollagen IIA N-peptide (PIIANP) in rheumatoid arthritis at different 
stages and in healthy individuals
	Abstract
	Introduction
	Methods and materials
	Patients and controls
	Circadian variation
	Physical exercise

	Laboratory analyses
	Ethics
	Statistics

	Results
	Diurnal variation
	Physical activity

	Discussion
	Acknowledgement
	References


