
Vol. 59 - No. ?? The JourNal of SporTS MediciNe aNd phySical fiTNeSS 1

10997-JSM_N

The Journal of Sports Medicine and physical 
fitness
Mese 2019
Vol. 59 - No. ??

O R I G I N A L  A R T I C L E

Muscle damage and inflammatory status 
biomarkers after a 3-stage trail running race

Nicola GioVaNelli 1, 2, Stefano laZZer 1, 2 *, Sabina cauci 1

1department of Medicine, university of udine, udine, italy; 2School of Sport Sciences, university of udine, udine, italy
*corresponding author: lazzer Stefano, department of Medicine, university of udine, p.le Kolbe 4, 33100 udine, italy. e-mail: stefano.lazzer@uniud.it

a B S T r a c T
BacKGrouNd: participants in ultramarathon and multi-stage races are continuously increasing. a detailed knowledge of the time-course of 
the restoration in muscular, cardiac, and inflammatory biomarkers after a multi-stage race may help the design of training schedules focused to 
avoid adverse outcomes of repetitive high-intensity endurance exercise and athlete exhaustion. Thus, the aim of the study was to evaluate blood 
parameters and serum biomarkers associated to muscle damage and inflammation in athletes participating in a 3-stage competition.
MeThodS: Ten runners concluded the race “Magraid” consisting of 3 stages of 22, 48 and 20 km. Before (pre), immediately after the end of 
the third stage (POST) and five days after the last stage (R5d), we collected blood samples.
reSulTS: among others, at poST mean white blood cell (+57±42%; p=0.006), blood urea nitrogen (+68±39%; p<0.001), creatinine (+17±12%, 
p=0.005), alanine aminotransferase (alT, +104±69%; p=0.002), lactate dehydrogenase (ldh, +116±64%; p<0.001), creatine kinase (cK, 
+2044±1433%; p=0.011), cK-MBm (+1544±1007%; p=0.004), cardiac troponin i (cTni, +85±129%; p=0.015), c-reactive protein (hscrp, 
+2137±1660%; p=0.015) were higher than pre. at r5d, alT (+72±53%; p=0.010), ldh (+32±25%; p=0.006) and hscrp (+252±234%; 
p=0.021) were still different compared with pre.
CONCLUSIONS: A 3-stage trail running race induces an inflammatory status and muscle damage and functional consequences on some physi-
ological systems that may not be completely recovered within a short period.
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participants in ultramarathon and multi-stage races 
are continuously increasing1 and the literature relat-

ed to this type of events is increasing as well.2 conse-
quently, several aspects of ultra-running were analyzed 
in the latest years (particularly, energetics, biomechan-
ics, and fatigue).3, 4 Some studies performed during ul-
tra-endurance events showed that muscular damage and 
inflammatory biomarkers, such as myoglobin and high 
sensitivity c-reactive protein (hscrp) remain elevated 
for days after the race,5-7 possibly reflecting incomplete 
muscle recovery. in the general population, several evi-
dences indicated that high levels of hscrp have been 
related to endothelial damage, venous thrombosis, ath-
erosclerosis, cardiovascular diseases (cVd) and several 
metabolic disorders.8 Some effects of strenuous exercise 
are comparable to acute responses that are commonly 

related to injury or pathology,9 but these are generally 
transient.10 for example, an endurance running race pro-
vokes hemolysis11 that is caused by the continuous foot 
strikes12 that occurs during running, particularly during 
prolonged events.13, 14 during high-intensity level run-
ning and mostly in mountain running, the eccentric work 
done for breaking the fall of the center of mass can lead 
to remarkable muscle damage.6 indeed, authors reported 
large effects on blood markers of muscle damage and 
inflammation after a mountain ultramarathon.6 Notably, 
high levels of creatine kinase (cK) concentrations were 
comparable to those measured in patients undergoing se-
vere rhabdomyolysis.15

The study of multi-stage races allows analyzing the 
recovery capability of athletes in tolerating repeated ex-
haustive efforts. for this type of race much information 
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Environmental conditions

The geologic texture of the terrain is an unusual soil in 
respect the vast majority of ultra-endurance competitions; 
it is characterized by a gravel (locally named “Magredi”) 
from the braided river Cellina-Meduna. The first stage be-
gan at 6 p.m. with temperature and relative humidity of 31 
°c and 41%. The second and third stages began at 10 a.m. 
with temperature and relative humidity of 17 °c and 18°c 
and 76% and 69%, respectively.

Anthropometrics

Body mass (BM, kg) was measured to the nearest 0.1 kg 
with a manual weighing scale (Seca 709, hamburg, Ger-
many) before and after each stage, stature was measured to 
the nearest 0.001 m on a standardized wall-mounted height 
board. Then, Body Mass index (BMi, kg/m2) was calculat-
ed. Body composition at pre and at r5d was measured by 
bioelectrical impedance (Bia 101, akern, italy) by using 
the software provided by the manufacturer (Bodygram, 
1.31). Throughout the competition, GpS coordinates and 
heart rate were continuously recorded by using a Garmin 
forerunner 305 GpS (Garmin, Kansas city, uSa).

Graded test

Before each test the volume and gas analyzers of the meta-
bolic unit (Quark-b2, cosmed, italy) were calibrated fol-
lowing the manufacturer’s instructions. after 5 min of rest, 
subjects started to run at 10 km/h for 5 min (on a slope of 
1%); the speed was then increased by 0.7 km/h every min-
ute until volitional exhaustion. To calculate V̇o2max, we 
averaged the V̇o2 during the last minute of the test. dur-

is available in the literature, but few scientific articles 
examined the skeletal and cardiac muscle tissue trauma 
following repetitive endurance running races. high-de-
manding repeated efforts might cause a persistent sys-
temic inflammatory status, which in turn may be associ-
ated with increased risk of cVd, immune dysfunction, 
overtraining or underperformance syndrome.8 Thus, a 
detailed knowledge of the time-course of the restoration 
in muscular, cardiac, and inflammatory biomarkers after 
a multi-stage race may help the design of training sched-
ules focused to avoid adverse outcomes of repetitive 
high-intensity endurance exercise and athlete exhaus-
tion. Thus, before and at the end of a 3-stage trail run-
ning race and after five days of recovery, we evaluated 
red and white blood cells, and several serum biomarkers 
associated to muscle damage and inflammation in ama-
teur athletes.

Materials and methods

Experimental protocol

We analyzed the data collected during the trail running 
competition “Magraid”, performed in the North-east of 
italy. This race consisted of three consecutive stages of 
22, 48 and 20 km, respectively (www.magraid.it). in the 
week preceding the race (PRE) and five days after the last 
stage (r5d), participants visited the laboratory to perform 
a graded exercise test on a treadmill (Saturn, hp cos-
mos, Germany) to evaluate their maximal oxygen uptake 
(V̇o2max). Moreover, at pre, immediately after the end 
of the third stage (poST) and at r5d, we collected anthro-
pometrics and blood samples.

Subjects

We enrolled twelve healthy caucasian male runners (age 
range 26-59 years) who participated in the race “Magraid” 
(Table i). The participants were recruited among experi-
enced ultra-endurance runners and all of them reported to 
have completed a race longer than 100 km at least once 
in life. also, they reported to perform on average 6.6±2.7 
h/week of running. The experimental protocol was ap-
proved by the ethics committee of the local university, 
and it was conducted according to the declaration of hel-
sinki. Two subjects quit the race after the first stage due to 
an excess of fatigue probably caused by a lack of training, 
and they were excluded from the statistical analysis. None 
of the athletes used anti-inflammatory drugs from PRE to 
r5d.

Table I.—� Anthropometric characteristics, body composition and 
physiological characteristics of subjects (N.=10), before (PRE) 
and 5 days after the recovery period (R5d).

parameters pre r5d p

age (years) 38.2±12.4 -
Stature (m) 1.76±0.07 -
Body mass (kg) 74.5±7.3 74.6±7.5 0.780
BMi (kg/m2) 24.1±1.6 24.2±1.6 0.534
ffM (kg) 62.3±5.2 62.7±5.5 0.087
fM (kg) 12.1±4.0 11.9±3.8 0.343
fM (%) 16.1±4.8 15.7±4.6 0.257
V̇o2max (ml/min) 4018±526 3750±409 0.102
V̇o2max (mlo2/kg/min) 54.1±6.8 49.2±3.9 0.126
hrmax (bpm) 170±10 165±9 0.008
vmax (km/h) 16.3±1.4 16.5±1.8 0.095
all values are mean±standard deviation (Sd).
BMi: Body Mass index; ffM: fat-free mass; fM: fat mass; V̇o2: oxygen uptake; 
hr: heart rate; v: velocity; P: Significance by paired t-test.
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notransferase (alT), blood urea nitrogen (BuN), cre-
atinine, and glucose were measured on modular analyzer 
(roche diagnostics, Mannheim, Germany) by appropriate 
reagents (roche diagnostics) (cauci et al. 2008).18

Statistical analysis

data reported are referred only to the ten subjects who 
completed the entire race. We performed the statistical 
analysis using Graphpad prism 8.3.1. We compared the 
parameters measured at pre vs. r5d with the paired t-
test, two tailed. Then, we analyzed the data collected at 
pre, poST and r5d with one-way aNoVa repeated mea-
sures with the Geisser-Greenhouse correction. later, we 
used Bonferroni’s multiple comparisons test (two-tailed) 
for detecting specific differences (PRE vs. poST; pre 
vs. r5d; poST vs. r5d). p values <0.05 were considered 
significant. We investigated the differences in body mass 
with two-way aNoVa repeated measures with two fac-
tors: stage (stage 1, stage 2, stage 3) and time (pre and 
poST). Then, we used Bonferroni’s multiple comparisons 
test for detecting specific differences (PRE vs. poST for 
each stage). We presented the results as mean±standard 
deviation (Sd). We calculated the changes of parameter 
values poST and r5d versus pre for each participant and 
we reported mean±Sd variation in %.

Results

Mean cumulative running time was 9:25:50±2:12:00 
hours, mean speed was 9.8±2.1 km/h and mean % hrmax 
was 83±4% (corresponding to 74±7% of V̇o2max). When 
considering the overall mean time of performance, it turned 
out that hr was maintained between 80% and 89% of its 
maximum for about 45% of the total race duration; it was 
lower than 69% and between 70% and 79% of hrmax for 
15% and 20% of the total, respectively. finally, hr was 
>90% hrmax for about 19% of the race duration. Body 
mass decreased during the stage 1 (-2.5±1.5%, p<0.001) 
and stage 2 (-2.0±0.9%, p<0.001) whereas it remained un-
changed during stage 3 (0.0±1.2%, p>0.05).

Race and recovery effects on whole blood parameters

Values of the blood parameters measured in athletes at 
pre, poST and r5d are illustrated in Table ii. Several 
biomarkers differed significantly between PRE and POST. 
Mean corpuscular volume (McV) decreased by -1.1±0.8% 
(p=0.006), mean corpuscular hemoglobin concentration 
(Mchc) increased by +1.5±1.5% (p=0.025), platelets 
(plT) increased by +13.2±14.8% (p=0.047). White blood 

ing the tests, ventilatory and gas exchange responses were 
measured continuously, and heart rate (hr) was measured 
with a dedicated device (polar, finland).

Blood sampling

at pre, poST and r5d, blood samples were drawn from 
seated subjects as previously described.16, 17 an edTa 
anticoagulated sample for full blood count and a serum 
sample for biochemistry were collected in Vacutainers® 
tubes (Belliver industrial estate, plymouth, uK). Storage 
of aliquoted serum samples was performed at -80 °C until 
analysis.18

evaluation of hemogram parameters was performed 
within 4 hours from collection of whole blood by an au-
tomatic electronic counter (Sysmex Xe-2100, Sysmex 
america inc., illinois, uSa).

Serum hscrp was measured using a highly sensitive 
immunoturbidimetric method (olympus), detection limit 
of the assay was ≤0.08 mg/L. The intra- and inter-assay 
coefficients of variation (CVs)% were 5.7%, and 5.8% 
at 0.23 mg/l, respectively, and 0.92% and 1.94% at 9.70 
mg/l, respectively.

Serum cK was measured using a uV kinetic method 
(olympus life and Material Science europe Gmbh, ham-
burg, Germany) by use of olympus instrument au2700. 
detection limit of the assay was 10 iu/l. The intra- and 
inter-assay coefficients of variation (CVs)% were 1.3%, 
and 4.6% at 108 iu/l, respectively.

Myoglobin, cK-MBm and Troponin i (Tni) concen-
trations were measured by a quantitative immunoassay 
with chemiluminescent detection (access2 immunoassay 
Systems, Beckman coulter, inc., fullerton, ca, uSa). 
Myoglobin assay had detection limit 0.1 µg/l, intra cV 
3.4% and inter cV 3.9% imprecision (at 29.1 µg/l). The 
MB isoenzyme of cK (cK-MB) was measured by a mass 
method (cK-MBm), assay had detection limit 0.1 µg/l, 
intra cV 2.6% and inter cV 3.1% imprecision (at 7.35 
µg/l). a value of the ratio of cK-MBm (µg/l) over cK 
(iu/l) >3 was considered attesting a cardiac damage re-
lease of the cK isoenzyme.19 cardiac Tni (cTni) assay 
had detection limit 0.01 µg/l, intra cV 2.6% and inter 
cV 2.8% imprecision (at 3.80 µg/l). The cTni cut-off for 
acute myocardial infarction, determined as 99th percentile 
in the healthy population, was 0.04 µg/l.

Serum concentrations of creatinine were evaluated on 
modular analyzer by compensated alkaline picrate assay 
(roche diagnostics).

Serum concentrations of total bilirubin, triglycerides, 
albumin, aspartate aminotransferase (aST), alanine ami-
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cell (WBC) increased by +57±43% (P=0.006) and specifi-
cally neutrophils increased by +105±86% (p=0.0002) and 
monophils by +56± 57% (p=0.007). however, most of 
the parameters returned to pre values at r5d, only McV 
remained marginally different from pre (-0.9±1.0%, 
p=0.045).

Many of biochemical blood parameters showed sig-
nificant differences (Table III). The following parameters 
increased at poST: BuN (+68±39%, p<0.001), creati-
nine (+17±12%, p=0.005), aST (+400±286%, p=0.003), 
alT (+104±69%, p=0.002), total bilirubin (+84±53%, 
p<0.001), uric acid (+28±17%, p=0.001), lactate dehydro-
genase (ldh, +116±64%, p<0.001), cK (+2044±1433%, 
p=0.011), cK-MBm (+1544±1007%, p=0.004) (fig-
ure 1a) myoglobin (+3369±2643%, p=0.001), cTni 
(+85±129%, p=0.015) and hscrp (+2137±1660%, 
p=0.015) (figure 1B).

at r5d, alT (+72±53%, p=0.010), ldh (+32±25%, 
p=0.006) and hscrp (+252±234%, p=0.021) were still 
different compared with pre. other parameters returned 
to the pre-values.

Table II.—� Blood parameters determined before the race (pre-run 
day 1, PRE), after the end the race (postrun day 3, POST) and at 
the fifth day of recovery (R5d).

N.=10 pre poST r5d p

hemoglobin (g/dl) 14.6±1.1 14.8±1.0 14.9±0.9 0.541
red blood cell count 
(1000000/microl)

4.8±0.3 4.9±0.3 4.9±0.3 0.436

hcT (%) 43.3±3.2 43.1±2.8 43.7±2.3 0.561
McV (fl) 88.9±3.6 87.9±4.0* 88.1±3.7* 0.023
Mch (pg) 30.0±1.6 30.2±1.4 30.0±1.4 0.184
Mchc (%) 33.8±0.6 34.3±0.7* 34.0±0.8 0.024
reticulocytes (%) 7.4±2.5 6.9±1.6 7.9±2.1 0.068
platelet count (1000/microl) 227±57 252±47* 231±55 0.013
White blood cell count  

(1000/microl)
5.7±1.4 8.5±1.9* 5.1±1.2# <0.001

Neutrophils (1000/microl) 3.3±1.1 6.2±1.8* 2.7±0.8# <0.001
Monophils (1000/microl) 0.4±0.1 0.6±0.3* 0.5±0.1 0.018
lymphocyte (1000/microl) 1.8±0.5 1.6±0.6 1.7±0.4 0.248
eosinophils (1000/microl) 0.1±0.1 0.1±0.1 0.1±0.1# 0.013
Basophils (1000/microl) 0.02±0.02 0.02±0.02 0.04±0.02 0.298
all values are mean±standard deviation.
hcT: hematocrit; McV: mean corpuscular volume; Mch: mean corpuscular 
hemoglobin; MCHC: mean corpuscular hemoglobin concentration; P: significance 
calculated with one-way aNoVa.
*Significant different from PRE; #significant different from POST.

Table III.—� Blood biochemistry determined before the race (prerun day 1, PRE), after the end the race (postrun day 3, POST) and 5 days 
after the recovery period (R5d). Also, we reported the frequency of specified levels of myoglobin, CK-MBm and hsCRP.

N.=10 pre poST r5d p

BuN (mg/dl) 18.2±3.8 29.9±5.28* 17.9±3.14# <0.001
creatinine (mg/dl) 1.1±0.1 1.32±0.21* 1.06±0.12# 0.001
BuN/creatinine 16.3±3.1 22.87±3.80* 16.9±2.43# <0.001
aST (ui/l) 30.1±12.1 139.9±71.5* 45.0±21.7# <0.001
alT (ui/l) 21.6±5.7 42.8±14.74* 36.7±13.8* <0.001
Total bilirubin (mg/dl) 0.7±0.2 1.31±0.4* 0.61±0.22# <0.001
Total protein (g/dl) 76.7±3.4 78.65±6.58 78.12±3.40 0.403
albumin (g/dl) 44.8±2.2 47.1±4.30 45.81±3.99 0.156
Triglycerides (mg/dl) 114.5±40.4 77.45±10.76* 135.1±48.0# 0.007
uric acid (mg/dl) 5.6±0.9 7.17±1.01* 5.35±1.08# <0.001
lactate dehydrogenase (ui/l) 403.4±57.8 862.5±230.5* 530.8±101.3*# <0.001
Myoglobin (ng/ml) 28.2±12.3 762.7±409.5* 36.10±11.3# <0.001

Myoglobin >100 µg/l (N. [%]) 0 (0%) 10 (100%) 10 (0%)
cK (ui/l) 211.7±164.95 3637.6±2754.8* 301±186.9# 0.003
cK-MBm (µg/l) 4.42±3.96 56.50±35.99* 5.59±3.20# 0.001

cK-MBm >10 µg/l (N. [%]) 1 (10%) 10 (100%) 0 (0%)
cK-MBm/cK 2.1±0.6 1.775±0.665 1.996±0.642 0.078
cardiac troponin i (ng/ml) 0.01±0.00 0.02±0.0* 0.01±0.01# 0.015
hscrp (mg/l) 0.6±0.5 11.4±9.6* 1.8±1.3*# 0.005

hscrp<0.5 mg/l (N. [%]) 5 (50%) 0 (0%) 0 (0%)
hsCRP 0.5≤1.0 mg/L (N. [%]) 3 (30%) 0 (0%) 3 (30%)
hsCRP 1.0≤3.0 mg/L (N. [%]) 2 (20%) 0 (0%) 6 (60%)
hsCRP 3.0≤10.0 mg/L (N. [%]) 0 (0%) 5 (50%) 1 (10%)
hsCRP≥3.0 mg/L (N. [%]) 0 (0%) 10 (100%) 1 (10%)
hsCRP≥5.0 mg/L (N. [%]) 0 (0%) 6 (60%) 0 (0%)
hsCRP≥10.0 mg/L (N. [%]) 0 (0%) 5 (50%) 0 (0%)

all values are mean±standard deviation.
BUN: blood urea nitrogen; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CK: creatine kinase; P: significance calculated with one-way ANOVA.
*Significant different from PRE; #significant different from POST.
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ing overt inflammation.18, 20 although the effects of run-
ning on blood parameters are extensively reported5, 7, 21 
there are only a few papers regarding repeated effort such 
as a multi-stage running race.22 We observed a 1.5-fold in-
crease of WBc and a ~2-fold increase of neutrophils after 
the race. it is known that prolonged running performance 
affects the concentration of total white cell count, which 
documents the existence of an inflammatory process. The 
increase in WBc is considered induced by muscle damage 
but also by the increase of cortisol.23 Our study confirmed 
that neutrophils shows the biggest changes among WBc 
as described previously.23

In parallel with an increased inflammation, several blood 
markers testified the muscle damage, particularly the great 
increase of cK (~17-fold), myoglobin (~27-fold), aST 
(~5-fold), alT (~2-fold) and ldh (~2-fold) levels. To as-
sess the cardiac damage the cK-MBm and cTni levels are 
commonly used.5 We observed cK-MBm values higher at 
poST (~14-fold), and all athletes had cK-MBm >10 µg/l 
that is considered a marker of acute myocardial infarction 
in non-athletes.24 however, none of the athletes in poST 
had a ratio of cK-MBm/cK above 3, thus indicating the 
non-cardiac origin of the circulating cK-MB isoenzyme.19 
Moreover, only one athlete had cTni above (0.05 µg/l) the 
healthy reference value threshold of 0.04 µg/l.

it is well-known that hscrp increases in the acute phase 
when an inflammation or infection occurs, as well as after 
a heart attack. The elevated values of cK-MBm, cTni and 
hscrp that we observed, are similar to the trend follow-
ing a heart attack.24 however, none of the participants had 
evidence of cardiac complications after the race.

conversely, there is evidence that physical activity is 
able to reduce the cVd risk.25, 26 an intriguing hypothesis 
is that one of the mechanisms by which physical exercise 
may reduce the risk of vascular thrombosis and cVd is 
the reduction of resting hscrp levels.7 This hypothesis is 
of great interest for the primary prevention of the cVd.27 
however, data gathered up to now on the effects of physi-
cal activity on plasma hscrp levels are contradictory. in-
tense endurance physical activity has the potential to wors-
en the hsCRP profile, likely as a consequence of inflam-
matory process following muscle damage. We found that 
50% of athletes had cVd protective levels of hscrp<0.5 
mg/l before race, but all athletes had cVd risky levels 
(hscrp>3 mg/l) at the end of the race. Notably, no ath-
lete had protective hsCRP levels five days post-race. Thus, 
we assessed that in endurance athletes the rate of elevated 
hsCRP is highly modified by the race and pre-race levels 
cannot be restored within five days.

Relationships between performance and blood param-
eters

Figure 2 shows that there was a significant relationship be-
tween race time and changes in WBc between pre and 
poST (p=0.0015, r2=0.74). We found no relationships 
between other parameters and race time.

Discussion

The main results of the present study show that a 3-stage 
trail running race for a total of 90 km induces: 1) a re-
markable increase of inflammatory status and skeletal/car-
diac muscle blood biomarkers of injury; and 2) five days 
of light training or rest post-race do not allow a complete 
recovery.

Our results confirmed that prolonged physical activity 
leads to a systemic inflammatory status. Indeed, in our 
study, inflammatory biomarkers were exceptionally el-
evated after three consecutive days of racing. Specifically, 
mean neutrophils and hscrp were ~2-fold and ~17-fold 
higher at poST. of note, at poST 50% of athletes showed 
hsCRP>10 mg/L indicating a remarkable inflammatory 
status, and 100% of them showed hscrp>3 mg/l indicat-

figure 1.—a) Single participant’s values of cK-MBm; and B) hscrp 
at pre, poST and r5d.

figure 2.—relationships between the total race time and the changes 
in WBc (in % poST vs. pre). fastest athletes had bigger increase in 
WBc.
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ance athletes, the ones that we enrolled are not invited to 
check and take care of their health status like elite athletes. 
These results may help clinicians to correctly interpret se-
rum biomarkers values observed in patients who perform 
ultra-endurance activity. further, our data can support a ra-
tional approach to post-race supplementation treatments.34

Conclusions

A 3-stage trail running race induce an inflammatory status 
and muscle damage and functional consequences on some 
physiological systems that may not be completely recov-
ered with a short period. We suggest maintaining under 
control some parameters to avoid pathological complica-
tions in non-professional sport population.
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