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Abstract

Objective: This study aimed to explore whether resting creatine kinase (CK) levels are associated with a combination
of commonly used psychophysiological parameters in speed skaters. Speed skaters were regarded as ideal candidates
for this study, considering the sport’s high incidence of muscle damage. Methods: Participants consisted of nine speed
skaters, including international-level competitors, and nine non-athletes who served as controls. Measurements included
CK, ferritin (Fer), perceived fatigue level (PFL), sleep quality assessment (SQA), international physical activity questionnaire
(IPAQ), pulse rate, blood pressure, physical activity, thigh circumference, handgrip strength, and jump height. A multiple
regression analysis was performed with CK as the dependent variable and the other psychophysiological parameters as
independent variables. Results: CK, IPAQ, thigh circumference, and jump height were significantly higher in speed skaters
(p < 0.05), whereas pulse rate and PFL were significantly lower (p < 0.05). In an exploratory multiple regression analysis,
a combination of pulse rate, mean arterial pressure, PFL, and SQA showed the highest coefficient of determination (R? =
0.54), suggesting that these variables may be associated with inter-individual variation in resting CK levels. Conclusion:
The combination of conventional psychophysiological parameters was associated with variation in CK levels. These findings
provide preliminary evidence that CK may be a plausible biomarker of muscle damage in elite speed skaters.
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Introduction economic loss resulting from these injuries is considerable.
Despite this situation, there remains insufficient evidence

Exercise plays an essential role in the healthy physical ~ regarding the optimal training volume and methods that
and mental development of children and adolescents. can enhance athletic performance without causing injuries.

However, sports-related injuries represent a major public Consequently, it has been reported that training practices
health concern worldwide. In Japan, approximately have often relied heavily on the experience and intuition of

266,000 cases occur per year among elementary school coaches?.
students, 231,000 per year among junior high school Recent advances in information technology have enabled
students, and 183,000 per year among high school continuous monitoring of athletes’ performance using

students in a population of 120 million'. The social and accelerometer-based motion capture® and heart rate
measurements?®, allowing real-time analysis of training
responses. These approaches have been applied to
provide immediate feedback on training effects, prevent

The authors have no conflict of interest. overtraining, and optimize nutritional management. In
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E-mail: myuki@shinshu-u.ac.jp injury biomarkers has recently been proposed as apromising
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Table 1. Subject characteristics and competitive levels.

Subject | Age | Sex | Height | Body weight
S-1 19 M 1.70 68.2
S-2 20 F 1.72 72.1
S5S 20 M 1.64 64.6
S-4 21 F 1.60 69.4
S5O 23 M 1.74 72.4
S-6 24 M 1.51 57.1
S-7 26 M 1.76 75.0
S-8 27 F 1.56 53.1
S-9 34 M 1.77 77.2
C-1 29 M 1.70 72.8
C-2 21 F 1.68 58.9
C38 20 M 1.63 58.7
C-4 22 F 1.63 64.4
G35 22 F 1.81 70.0
C-6 23 M 1.48 38.6
C-7 22 M 1.70 65.5
C-8 26 F 1.63 49.1
C-9 34 M 1.83 78.9

Speed skaters 24.0+4.3 1.66 + 0.08 67.7+7.6

Controls 24.3+4.3 1.67 £ 0.10 619+ 11.6

p value 0.893 1.000 0.387

S: Speed skaters, C: Controls.

widely usedinthe literature as abiomarker related to muscle
recovery; when CK levels return to baseline promptly each
day, it may prevent the accumulation of fatigue and the
onset of muscle damage’. Serum ferritin, Fer, a key indicator
of anemia, has traditionally been considered unrelated
to sports injuries. Iron deficiency, however, can reduce
collagen strength, and maintaining adequate iron stores
may help prevent sprains and ligament or tendon injuries®.
Monitoring these biomarkers has been trialed in managing
elite athletes, including participants in the World Cup and
Olympic Games®™°,

Despite their considerable potential impact on the
prevention, diagnosis, and treatment of sports injuries,
biomarker-based assessments have not yet become widely
available for routine use by athletes themselves. A major
reasonis the wide variability inmuscularload characteristics
across different sports. The primary muscles involved, as
well as the magnitude and duration of mechanical load, vary
greatly depending on the sport discipline, the athlete’s age,
sex, level of skill, muscle mass, and ethnic background. We
have been focusing on improving performance in sprint
speed skating, which requires extremely high explosive
power. Elevated CK levels are observed even after skating
sessions'', and previous studies have reported that the
risk of injury increases 2.56 times when CK levels exceed
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467 U/L in speed skaters'2. Although several studies have
examined individual biomarkers such as CK or Fer in speed
skaters, few have adopted an integrated approach that
simultaneously considers subjective indices, physiological
parameters, morphological characteristics, and physical
performance measures to explore an integrated framework
to describe the athlete’s psychophysiological state.

The purpose of this study was to explore whether resting
CK levels are associated with a combination of multiple
psychophysiological parameters commonly used in athlete
evaluation in elite speed skaters. Accordingly, we selected
speed skaters as participants because the event they
performed was characterized by short-duration, high-
intensity performance requiring explosive power, which is
associated with a high frequency of muscular microinjuries
and a notable influence of anemia. To ensure the quality
of the dataset for hypothesis testing, top-level Japanese
athletes, including international competitors, were
recruited. Data were collected from multiple perspectives,
including biochemical markers, CK and Fer, subjective
indices such as PFL and SQA, and physical activity level
assessed by the IPAQ-short version, IPAQ. Physiological
parameters such as pulse rate and blood pressure, and
physical performance measures including physical activity,
thigh circumference, handgrip strength, and jump height,
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Figure 1. Experimental protocol for biomarker and participant characteristic analysis (Q1: Questionnaire administration regarding
exercise habits, sleep quality, and perceived fatigue levels, Q2: IPAQ-SV administration, BC: Blood sample collection, M1: Measurement
of seated blood pressure (systolic/diastolic) and pulse rate, M2: Measurement of thigh circumference, M3: Measurement of grip

strength and Counter Movement Jump (CMJ) height).

/

were also measured. Multiple regression analysis was
performed to explore associations between CK levels and
multiple psychophysiological parameters.

Methods
Participants

Eighteen participants took part in this study, comprising
nine speed skaters (five male and four female, aged 19 -
35 years) and nine non-athletic controls (five male and
four female, Table 1). Controls were matched to the speed
skaters for sex and age to minimize the potential influence
of these variables as independent factors. Exclusion criteria
included a history of cardiovascular disease, chronic kidney
disease, use of medications known to affect muscle markers
(e.qg., statins), and any serious injury or illness within three
months prior to testing. To ensure the clear interpretation
of ferritin levels, individuals receiving intravenous iron or
therapeutic iron supplements were excluded. While the
skaters received standard dietary guidance from a team
nutritionist, no specific nutritional intervention program
was implemented during the study.

Study Protocol

This study was conducted in February 2025, during the
late competitive season for speed skating. Participants
were instructed to refrain from strenuous physical activity
for at least 24 hours prior to testing to minimize the acute
effects of exercise. Measurements for speed skaters were
conducted in the morning (9:00 am-12:00 pm) to ensure
data were obtained in a resting state before daily training.
This study included the following measured variables:
subjective evaluations, including PFL, SQA, and IPAQ;
physiological parameters such as pulse rate and blood
pressure; and physical performance measures including
TPA, thigh circumference, handgrip strength, and jump
height (Figure 1).

Blood Markers

Serum concentrations of creatine kinase M-type CK (CK-
M), Fer, pro-B-type natriuretic peptide (NT-proBNP), and
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cardiac troponin T (cTnT) were analyzed using enzyme-
linked immunosorbent assay (ELISA) kits and a microplate
reader (450 nm; Varioskan LUX, Thermo Fisher Scientific,
USA), with CK-M measured as mass concentration (ng/
mL). The following commercial kits were used: CK-M
(Human CKM SimpleStep ELISA Kit, ab264617; Abcam,
Cambridge, UK), Fer (Human Ferritin ELISA Kit, RABO197,;
RayBiotech, GA, USA), NT-proBNP (Human NT-proBNP
ELISA Kit, EHPRONPPB; Thermo Fisher Scientific, MA,
USA), and cTnT (Human Cardiac Troponin T ELISA Kit,
EHTNNT1; Thermo Fisher Scientific). All samples were
measured in duplicate, and the mean values were used
for statistical analysis. Serum samples were diluted prior
to CK-M analysis in accordance with the manufacturer’s
protocol. Because the present study targeted elite speed
skaters, resting CK-M concentrations were expected to be
high; however, commercially available ELISA kits with a
wider validated analytical range were not available at the
time of the study. As a result, although dilution reduced
sample concentrations, some values remained above the
upper limit of the calibrated standard curve (4.0 ng/mL)
and were therefore estimated by extrapolation based on
the fitted regression curve. These extrapolated values were
treated as approximate estimates and were interpreted
with caution, consistent with the exploratory nature of the
analysis.

Bloodsampleswerecollectedusingserumcollectiontubes
(200 pL, No. 20.1291.0002; Microvette, clot activator and
separator gel, Sarstedt AG & Co. KG, Niimbrecht, Germany).
The blood samples were subsequently centrifuged at 1,500
x g for 15 min to separate serum. Serum samples were
stored at -80 °C until analysis. Prior to measurement, the
samples were thawed at 4 °C in a refrigerator and then
brought to room temperature (24 °C).

Subjective Assessment

Subjective evaluations were performed using visual
analog scales, VASs, for the PFL and SQA (Q1, Figure 1).
PFL and SQA were assessed usinga 100-mm Visual Analog
Scale (VAS) with defined anchors. For PFL, O mm was
defined as “No fatigue” and 100 mm as “Exhaustion.” For
SQA, O mm was defined as “Worst possible sleep” and 100
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Table 2. Summary of subject profiles including years of competitive experience, athletic levels, and highest achievements.

Subject

Years of Experience

Competitive Level

Representative Performance

A 28 International level 5t place, Olympic Games

B 21 International level 3 place, World Cup

c 20 International level 2" place, World Cup

D 16 International level 4™ place, World Cup

E 17 Top-50 nationally ranked 1%, Japan Intercollegiate Championships

F 14 Top-50 nationally ranked None

G 13 Japan Intercollegiate Championships None

H 12 Japan Intercollegiate Championships None

| 13 Japan Intercollegiate Championships None
To protect personal information, the correspondence between individual participants and those listed in Table 1 is not disclosed.
Anonymized performance levels (A-I) are provided for classification only and are not intended to correspond one-to-one with participants
labeled S-1 to S-9.

mm as “Best possible sleep.” Participants were instructed
to mark the point corresponding to their current state; the
distance from the left anchor was measured in millimeters
and divided by 10 to obtain a score ranging from O to 10.
To assess physical activity, IPAQ was used (Q2). The IPAQ
is a validated questionnaire designed to evaluate habitual
physical activity over the past week and quantifies total
physical activity (TPA), vigorous-intensity physical activity
(VPA), moderate-intensity physical activity (MPA), and
walking physical activity (WPA)'.

Physiological Measurements

Participants were seated in a resting position, and a
wrist-type automatic blood pressure monitor (HEM-6231T;
Omron Co., Kyoto, Japan) was used to measure pulse rate,
diastolic blood pressure, DBP, and systolic blood pressure,
SBP (M1, Figure 1). Mean arterial pressure, MAP, was
calculated from DBP and SBP using the following equation'4:

MAP =DBP +% (SBP -DBP) (1)

Physical Performance Measurements

Physical activity was calculated based on weekly activity,
in which walking, moderate-intensity activity, and vigorous-
intensity activity were considered as 3.3, 4, and 8 METs,
respectively; the total value was defined as TPA'3. The
distance between the upper border of the right patella and
the anterior superior iliac spine was measured, and thigh
circumference was measured at its midpoint (M2, Figure 1).
Handgrip strength and jump height were used as the muscle
strength (M3). Handgrip strength was measured bilaterally
using a handgrip dynamometer (T-2177 Grip-D, Toei Light
Co., Ltd., Saitama, Japan), and the mean value was used.
Jump height was assessed using a countermovement jump
test performed with the chalk jump method's.
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Figure 2. CK-M concentration and ferritin levels in speed skaters
and non-athletes (*: p < 0.05, S: Speed skaters, C: Controls).
- J

Statistical Analysis

Given the small sample size, the multiple regression
analysis was conducted as an exploratory, hypothesis-
generating analysis rather than a confirmatory analysis.
The use of stepwise variable selection and the limited
sample size may reduce the robustness and generalizability
of the estimated coefficients.

All statistical analyses were performed using the
statistical package for the social sciences (SPSS version
29.0, IBM Corp., Armonk, NY, USA). Unless otherwise
specified, measured values are shown as mean =+ standard
deviation (SD), and the significance level was set at p <
0.05. Differences in measured variables between speed
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skaters and controls were examined using the Mann-
Whitney U test, and the rank-biserial correlation coefficient
(Y},) was calculated to report effect sizes. Spearman’s
rank correlation coefficients (p) were calculated to assess
relationships between two variables. Measurement values
falling below the kit’s limit of detection were coded as
missing data without imputation. As a preliminary screening
step, variables for which missing data exceeded 50% of the
total sample (specifically, pro-BNP and cTnT) were excluded
from all subsequent analyses to ensure reliability.

A multiple regression analysis was conducted with CK-M
as the dependent variable and all other psychophysiological
indicators as explanatory variables. Sex was considered as
a potential covariate in the regression analyses; however,
given the small sample size and its limited contribution
to model performance, sex was not retained in the final
regression models. The regression model for CK-M was
constructed using a stepwise elimination procedure.
Candidate variables were screened based on Spearman’s
rank correlation coefficients, excluding those highly
correlated (r>0.7) to avoid multicollinearity'. The selection
process was repeated until the final regression model was
obtained, in which all remaining variables showed F-values
with p <O.1.

Results
Athletic Characteristics

Among the speed skaters, four had participated in
international competitions at the senior level, two were
ranked within the top 50 in Japan, and three had competed
in the all Japan intercollegiate championships (Table 2).

Biomarkers

Pro-BNP and cTnT were excluded from the statistical
analyses because their concentrations were below the
detection limit of 0.35 ng/mL in most participants. Figure 2
shows the comparisons of CK-M and Fer between the speed
skaters and controls. The analytical range of the CK-M
ELISA kit was 0.063 - 4.0 ng/mL. Although serum samples
were diluted prior to analysis, some CK-M concentrations
exceeded this range and were therefore estimated by
extrapolation. CK-M levels were significantly higher in the
speed skaters (32.6 + 19.4 ng/mL) than in the controls
(16.1 £ 5.1 ng/mL, p = 0.031). Although Fer levels were
lower in the speed skaters (196.0 + 145.7 ng/mL) than in
the controls (393.6 £ 295.7 ng/mL), the difference was not
statistically significant (p = 0.260).

Group comparison of input variables

Table 3 shows measured results of multiple
psychophysiological characteristics including subjective
assessments as PFL, SQA, and IPAQ. In addition to group
comparisons, associations between CK-M levels and other
variables were examined separately using Spearman’s rank
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Table 3. Participant characteristics, subjective assessments,

PFL, SQA, and IPAQ.

Speed skaters Controls
(n=9) (n=9)
Age (years) 24.0+4.3 24.3+4.3
Height (cm) 166.6+8.8 167.7+9.9
Body weight (kg) 67.747.6 61.9+11.6
Pulse rate (beats/min) 62.0+6.3 86.6 +12.9
MAP (mmHg) 95.4+12.3 104.1£9.9
DBP (mmHg) 83.0+12.5 89.1+£15.3
SBP (mmHg) 120.4+£12.9 134.2+23.3
TPA (METs'min/week) | 4116.0+2659.3 566.7+643.0
VPA (METs'min/week) | 2097.8+1625.5 17.8+£50.3
MPA (METs'min/week) 1151.1£843.4 266.7+£328.8
WPA (METs'min/week) 867.2+938.3 282.3+573.7
Thigh circumference (cm) 59.2+3.0 51.2+4.9
Handgrip strength (kg) 38.7£10.6 32.1£7.4
Jump height (cm) 59.1£9.6 41.2+£15.3
PFL (points) 3.1+0.7 3.9+0.7
SQA (points) 3.8+1.0 4.2+0.9
CK-M (ng/mL) 32.6+19.4 16.1+5.1
Ferritin (ng/mL) 196.0+£145.7 393.6+295.7

Table 4. Group comparisons between speed skaters and controls.

p value Y,
Age (years) 0.893 -0.049
Height (cm) 1.000 -0.062
Body weight (kg) 0.387 0.259
Pulse rate (beats/min) 0.001 -0.901
MAP (mmHg) 0.143 -0.383
DBP (mmHg) 0.288 -0.309
SBP (mmHg) 0.200 -0.370
TPA (METs'min/week) 0.005 0.691
VPA (METs'min/week) 0.001 0.556
MPA (METs'min/week) 0.012 0.568
WPA (METs'min/week) 0.043 0.444
Thigh circumference (cm) 0.003 0.852
Handgrip strength (kg) 0.157 0.407
Jump height (cm) 0.030 0.617
PFL (points) 0.041 -0.593
SQA (points) 0.859 -0.099
CK-M (ng/mL) 0.032 0.605
Fer (ng/mL) 0.258 -0.333
p values derived from the Mann-Whitney U test comparing each
group. Y, indicates the rank-biserial correlation coefficient as
an effect size.
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Figure 3. Comparison between speed skaters and non-athletes. (A) PFL. (B) Vigorous-, moderate-, and walking-IPAQ. (C) Pulse rate.
(D) Thigh circumference. (E) Jump height. : p < 0.05, : p < 0.01. S: Speed skaters, C: Controls.
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HGS| PR | TPA|SQA| JH | BW | HT | PFL | TC |MAP|AGE 10

HGS -0.318| 0.390|-0.149 -0.013 0.335| 0.339 0.7
PR [-0.318 0.310]-0.286| -0.236| -0.078 0.204| 0.112
TPA | 0.390 -0.048 0.207| 0.024]| -0.080 -0.080| 0.278 0.4
SQA |-0.149| 0.310|-0.048 -0.065(-0.015 -0.146 0.130| 0.225 -Oj
JH -0.286 -0.065 -0.238 0.131| 0.240
BW -0.236| 0.207|-0.015 -0.105 0.325 :(1)(7)
HT -0.078 | 0.024|-0.146 -0.014| 0.384 0.341
PFL [-0.013 -0.080 -0.238(-0.105( -0.014 -0.282
TC 0.130 0.384|-0.282 0.184| 0.267
MAP | 0.335| 0.204|-0.080| 0.225| 0.131 0.184 0.389
AGE | 0.339| 0.112] 0.278 0.240| 0.325| 0.341 0.267| 0.389
Figure 4. Heatmap of correlations among explanatory variables (HGS: Hand grip strength, PR: Pulse rate, TPA: Total physical activity,
SQA: Sleep quality assessment, JH: Jump height, BW: Body weight, HT: Height, PFL: Perceived fatigue level, TC: Thigh circumference,
MAP: Mean arterial pressure, AGE: Age).
_ J
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Table 5. Results of multiple regression analyses predicting blood creatine kinase concentration.

| variable | ) |  seB B p-value 95% Cl VIF

model 1 [Constant] 42.131
'22:831501 Pulse rate -0.567 0.193 -0.593 0.010 [-0.97,-0.15] 1.000

model 2 [Constant] 54.086
HGS 0.157 0.476 0.100 0.748 [-0.89, 1.20] 2.494
Pulse rate -0.511 0.234 -0.534 0.052 [-1.02, 0.00] 1.610
R?=0.591 PFL 11.114 7.403 0.586 0.161 [-5.18, 27.4] 4.098
p=0.077 TC 0.571 0.936 0.214 0.555 [-1.48, 2.63] 3.311
MAP -0.686 0.300 -0.543 0.043 [-1.34,-0.02] 1.514
SQA -5.851 5.606 -0.370 0.319 [-18.18, 6.48] 3.377

model 3 [Constant] 47973
Pulse rate -0.525 0.222 -0.549 0.035 [-1.00, -0.04] 1.558
PFL 12.348 6.145 0.651 0.068 [-1.04, 25.73] 3.050
’;2:853887 TC 0.773 0.680 0.290 0.278 [-0.70, 2.25] 1.887
MAP -0.673 0.286 -0.532 0.037 [-1.29, -0.05] 1.486
SQA -6.877 4.483 -0.435 0.151 [-16.64, 2.89] 2.333

model 4 [Constant] 85.601
Pulse rate -0.624 0.206 -0.652 0.010 [-1.06,-0.17] 1.316
R?2=0.543 PFL 8.888 5.398 0.468 0.124 [-2.77, 20.54] 2.301
p=0.028 MAP -0.531 0.260 -0.420 0.062 [-1.09, 0.03] 1.203
SQA -4.299 3.910 -0.272 0.292 [-12.74, 4.14] 1.736

model 5 [Constant] 78.666
Pulse rate -0.622 0.207 -0.649 0.010 [-1.06,-0.17] 1.316
F;Z :ggf’so PFL 5.414 4.409 0.285 0.240 | [-4.04, 14.86] 1.513
MAP -0.515 0.262 -0.407 0.069 [-1.07,0.04] 1.199

correlation analysis. Significant correlations with CK-M were
observed for pulse rate (p = -0.561, p = 0.015), TPA (p =
0.483,p=0.042),VPA (p=0.627,p=0.005), and handgrip
strength (p = 0.584, p = 0.010). Group comparisons of
psychophysiological variables between speed skaters and
controls are summarized in Table 4. IPAQ (Figure 3B), thigh
circumference (Figure 3D), and jump height (Figure 3E)
showed significantly higher values in the speed skaters than
in the controls. PFL (Figure 3A) and pulse rate (Figure 3C)
showed significantly lower values in the speed skaters than
in the controls. SQA showed a slightly lower value in the
speed skaters (3.8 + 1.0 points) than in the controls (4.2
+ 0.9 points), although the difference was not statistically
significant (p = 0.859). MAP was also slightly lower in the
speed skaters (95.4 + 12.3 mmHg) than in the controls
(104.1 + 99 mmHg), although this difference was not
statistically significant (p = 0.143).

Multiple regression analysis

Collinearity was assessed by performing correlation
analyses for all pairs of independent variables. Figure 4
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shows a heatmap of the correlations among the independent
variables. Because strong positive correlations (r > 0.7)
were observed among height, body weight, handgrip
strength, and jump height, these variables were excluded
from the input variables.

Table 5 shows the results of the multiple regression
analysis using a stepwise variable reduction method,
summarizing the CK-M regression models with F values of
p < 0.1. Among these, the regression model that included
pulse rate, MAP, PFL, and SQA as explanatory variables
(Model 4, R? = 0.543) was chosen as a more parsimonious
model with acceptable explanatory power, rather than the
one with the highest coefficients of determination.
CK-M=85.601-0.652 Pulse rate + 0.468 PFL-0.420 MAP-
0.292 SQA (2)

As a comparison, we examined a simplified model using
pulse rate as the sole explanatory (Model 1).This analysis
confirmed a significant negative association (8 = — 0.593,
p=0.010, 95% CI [- 0.97, - 0.15)).

Figure 5 shows a forest plot of the estimated effects
of the explanatory variables in Model 4. The F-value of
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Figure 5. Forest plot of standardized B coefficients with 95%
confidence intervals from multiple regression analysis (Model

\4) explaining CK-M concentration (R? = 0.543, p = 0.028). )

the CK-M regression model was significant (p = 0.028),
with a coefficient of determination (R?) of 0.543. All
variance inflation factor (VIF) values were low, indicating
no multicollinearity among the explanatory variables. The
standardized regression coefficients indicated that the
relative influence of the explanatory variables decreased
in the following order: pulse rate, PFL, MAP, and SQA.

Discussion

The present study targeted top-level Japanese speed
skaters, including international competitors, and attempted
to construct a regression model of CK-M, a biomarker of
muscle injury, based on combined information from multiple
physical and psychological parameters.

CK-M levels were significantly higher in the speed
skaters than in the controls (Figure 2A). Previous studies
have reported injury-risk thresholds for CK expressed as
enzymatic activity (U/L); although conversion between U/L
and mass concentration (g/mL) is chemically feasible under
standardized optimal temperature conditions, the present
study quantified CK-M as mass concentration (ng/mL)
using an ELISA-based assay, and therefore direct numerical
comparison with activity-based thresholds was not
performed. In speed skaters, an increased risk of injury has
been reported when CK exceeds 467 U/L’, the risk of injury
in skaters increases 2.56 times®. In addition, Kowalski et
al. (2025) reported that CK levels were significantly higher
after races than before in speed skaters''. The present
results are consistent with these findings'', suggesting that
elevated resting CK levels in athletes may reflect muscle
injury caused by training.

In contrast, no significant difference in Fer levels was
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observed between the two groups (Figure 2B). In the
field of sports science, Fer has been investigated as a
potential indicator for detecting iron deficiency related
fatigue caused by endurance exercise'®?°. Although
speed skating is characterized by explosive lower-limb
power, athletes engage in both aerobic and high-intensity
training throughout the year?'-23, which may predispose
them to chronic iron deficiency?®. The absence of a
significant difference in Fer levels between the groups
in the present study may be attributed to adequate
nutritional management among the skaters at the time of
measurement. To verify this interpretation, future studies
should include detailed dietary assessments in conjunction
with biomarker analyses.

Thigh circumference and jump height were significantly
higher in the speed skaters than in the controls (Figure 3D
and E), whereas PFL was significantly lower in the speed
skaters (Figure 3A). A previous study reported a correlation
between jump height performance and 500 m race time?>.
These variables are considered to reflect muscular strength
and performance, confirming the appropriateness of
participant selection among the speed skaters in this study.

Before interpreting the results of the multiple
regression analysis, several important limitations should
be acknowledged. Given the small sample size and the
use of stepwise variable selection, the regression models
are prone to overfitting, and the estimated coefficients
and coefficient of determination may be unstable.
Accordingly, the regression analysis should be interpreted
as exploratory and hypothesis-generating rather than
confirmatory. Given the limited sample size relative
to the number of variables examined, overfitting and
multiple comparisons cannot be excluded, and the results
therefore require confirmation in larger, independent
cohorts. The exploratory multiple regression analysis
identified a model including pulse rate, MAP, PFL, and
SQA as explanatory variables, which was selected as a
more parsimonious model with acceptable explanatory
power in consideration of the small sample size and the
risk of overfitting. VIF values ranged from 1.1 to 2.4,
indicating no multicollinearity (Table 5). Among the
psychophysiological parameters that showed significant
differences between the two groups, pulse rate and PFL
were selected in the regression model. The exclusion of
physical activity, thigh circumference, and jump height as
explanatory variables may reflect overlapping information
with pulse rate and other correlated performance
variables. In this study, the speed skaters showed lower
values for pulse rate, MAP, PFL, and SQA than the
controls (Table 3). Previous studies have reported that
endurance training lowers pulse rate and MAP?%27 and
that individuals with greater muscle strength tend to
exhibit lower PFL28. Conversely, high-intensity training
has been shown to improve muscle strength but reduce
sleep quality?®. Given the limited sample size and the risk
of overfitting in multivariable models, we also examined
a simplified univariate model using pulse rate alone. The
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consistent negative association observed in this model
supports the robustness of the relationship between
resting pulse rate and CK-M levels, while emphasizing
that this finding should be interpreted as exploratory.
These findings suggested that the observed associations
between pulse rate, MAP, PFL, and CK-M may reflect
underlying physiological relationships, although the
exploratory nature of the analysis and the small sample
size warrant cautious interpretation.

Conclusions

This study examined both speed skaters and non-athletes,
by measuring not only blood biomarkers related to sports
injury, such as blood creatine kinase and ferritin, but also
various noninvasive physical and subjective parameters,
to analyze their interrelationships and to construct a
regression model for CK-M. As a result, the present
analysis suggested that CK-M levels may be associated with
a combination of pulse rate and mean arterial pressure,
together with physical fatigue level and subjective quality
assessment, among the multiple psychophysiological
parameters conventionally used for athlete evaluation.
Taken together, the present findings suggest that resting
CK-M levels may be associated with several routinely
assessed psychophysiological parameters in elite speed
skaters. These preliminary observations highlight patterns
that merit confirmation in larger, longitudinal cohorts,
rather than providing evidence for clinical prediction or
decision thresholds.

The sample size in this study was relatively small (n =
18), and the sample-per-variable of the constructed model
was below 10. However, the participants included high-level
speed skaters, some of whom had experience competing in
senior international events; therefore, this limitation was
considered unavoidable in obtaining academically valuable
data.
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