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Abstract

Aim: studies have demonstrated a protective effects of female sex hormones against muscle membrane
disorders in compared to men following high-intensity exercises. The aim of this study was to evaluate
the creatine kinase, estrogen and progesterone responses to a single bout of high-intensity interval training
(HIT) and as well as the relationship between sex hormones and CK response in inactive young women.
Methods: 24 young inactive women (18-30-year-old and VO2max<30 ml/kg/mil) with regular menstrual
cycles were randomly divided in 2 groups: HIIT or experimental (n = 12) and control (n = 12). The
experimental group performed HIIE by a treadmill with a slope of 2% in six repetitions (3 sets) for one
minute with an intensity of 90-95% HRmax with a total rest time of ten minutes between sets and
repetitions. Before and ten minutes after exercise, blood samples were collected to measure creatine kinase
(CK), estrogen, progesterone and hemoglobin (plasma shift). Data analysis was performed by using
ANCOVA test and linear regression at the statistical level of P <0.05 and SPSS 23. Results: Significant
increases were recorded in CK and estrogen in experimental group compared with control group (P<0.05).
There was a significant relationship between baseline progesterone levels and CK response (P= 0.016).
According to the results of linear regression, CK response to HIIE in women can be predicted based on
the baseline progesterone level (31.8%). Conclusions: Given that progesterone led to decreased CK
response, it seems that it is better to perform vigorous intensity exercises in the menstrual phases with high
levels of progesterone (mid-luteal phase) in order to reduce further muscle damage in women. However,
due to the low predictive power of progesterone (31.8%), more studies are needed with more samples.
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Extended abstract

Background

According to some studies, high-intensity exercises could injure muscle tissue and cause CK to be released into the
bloodstream. Elevated serum creatine kinase is one of the signs of muscle damage .An association between physical
fitness level and severity of the injury has been reported. Muscle damage is more severe in inactive people. Gender is one
of the other factor that affect the serum creatinine kinase (CK) level. Studies have shown a protective role for female sex
hormones against muscle membrane disorders following intense exercise compared to men. According to previous
studies, women have lower serum creatinine kinase activity and muscle injury after intense exercise. Sex hormones,
mainly estrogen and progesterone, affected creatine kinase activity and the expression of key enzymes involved in
endogenous creatine synthesis. Studies have reported that serum creatine kinase levels vary in women of all ages,
including puberty, pregnancy, and menopause. Information on the response of sex hormones and creatine kinase to high-
intensity interval training and the relationship between them is limited. Therefore, this study aimed to investigate the
Creatine kinase, estrogen and progesterone responses to a single bout of high-intensity interval training (HIIT), and as
well as the relationship between sex hormones and CK response in inactive young females.

Materials and Methods

Twenty-four women were recruited from young and inactive women (18-30-year-old and VO2max<30 ml/kg/mil) with
regular menstrual cycles of Tabriz and were randomly divided in to 2 groups: HIIT or experimental (n = 12) and control
(n = 12). The experimental group performed HIIE in six repetitions (3 sets) for one minute with an intensity of 90-95%
of maximum heart rate with a total rest time of ten minutes between sets and repetitions on a treadmill with a slope of
2%. subjects' diet was controlled using a 24-hour diet questionnaire, and on the test day, two hours before the test, a
typical breakfast was eaten by all subjects. Samples were collected before and immediately after HIIT. To eliminate the
effect of plasma shift, changes in plasma hemoglobin were measured by calculating the range of changes in blood volume
(plasma shift). Serum creatinine kinase was measured using the Colorimetric enzymatic, and serum levels of estrogen and
progesterone were measured using the diameter kit by Sandwich-ELISA. Data analysis was performed by plasma shift
intervention using the ANCOVA test and linear regression at the statistical level of P <0.05 and SPSS 23.

Findings

The similarity of the variables between the two groups was examined in pre-test conditions. According to the results, all
variables except estrogen were the same in both groups. 67% of the experimental group and 58% of the control group
were in the follicular phase of the menstrual cycle. For post-test, shifted levels of creatine kinase and sex hormones were
calculated based on changes in hemoglobin, and the results were extracted accordingly. The results of the ANCOVA test
showed a significant difference between the post-test values between the two groups with the covariance of estrogen pre-
test values (P = 0.04). ANCOVA results for other variables showed a significant difference in serum creatine kinase
response to a single, bout of HIIT between experimental and control groups (P = 0.01) but no significant difference in
progesterone response was observed between the groups (P >0/05). In examining the relationship between CK response
and sex hormone responses, no significant relationship was observed between CK response and estrogen and progesterone
response (P <0.05), but a negative and significant relationship was found between creatine kinase response and baseline
progesterone level. so that the high level of progesterone in baseline conditions was associated with decreased CK
response to HIIT (Table 1). Linear regression was used to evaluate the effect of basal progesterone levels in reducing the
CK response. According to the small sample of the present study, modified R-squared (0.318) was reported instead of R-
squared (0.347), and it was said that progesterone level could explain 31.8% of the CK response; or in other words, in
women, 31.8% of changes in serum creatine kinase after HIIT can be predicted based on basal progesterone levels.

Tabll. Correlation between creatine kinase response and
levels of sex hormones in the experimental group

R P

baseline level of estrogen 0/449 0/149
baseline level of progesterone -0/656 0/016*
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A Estrogen -0/114 0/723
A Progesterone -0/319 0/313

*Significant correlation P<0.05
A=posttest-pretest

Conclusion

The results of the present study showed that a single bout of HIIT increased serum creatine kinase levels. In recent years,
many researchers have looked at the effects of fatigue and muscle damage caused by HIIT. Examining the relationship
between female sex hormones and CK responses after HIIT further helps to explore the role of sex hormones in gender
differences in muscle injury responses. In the present study, high progesterone levels in baseline conditions were
associated with a low CK response. Studies on the mechanisms of progesterone effects on CK levels are limited and there
is little information to describe the role of progesterone on serum CK activity. It has been shown that progesterone effect
creatine kinase activities and the expression of key enzymes for the endogenous synthesis of creatine and also,
progesterone leads to a decrease of oxidative stress and has both anti-inflammatory and antinociceptive properties. So,
the CK kinetics during high- intensity exercises may be particularly important for females with menstrual disorders
(amenorrhea), during pregnancy, and postmenopausal.

Article message

Given that progesterone led to decreased CK response, it seems that it is better to perform vigorous intensity exercises
in the menstrual phases with high levels of progesterone (mid-luteal phase) in order to reduce further muscle damage in
women. However, due to the low predictive power of progesterone (31.8%), more studies are needed with more
samples.
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