
Comparison of performance-related responses to an endurance running training between untrained men and women

15Arch Med Deporte 2021;38(1):15-21

Artículo original

Resumen

Introducción: La adherencia a los eventos de carreras de resistencia está aumentando exponencialmente en el mundo entre 
hombres y mujeres no entrenados, y por eso es necesaria la incorporación de un entrenamiento individualizado y apropiado. 
No se sabe si los hombres y mujeres desentrenados en carrera difieren en las respuestas al entrenamiento de carrera de 
resistencia en relación a las variables relacionadas con el rendimiento. 
Objetivo: Nuestro objetivo fue comparar las respuestas del rendimiento durante un programa de entrenamiento de carrera 
de resistencia entre hombres y mujeres no entrenados. 
Material y método: Dieciséis participantes (8 hombres y 8 mujeres) fueron emparejados en la línea de base por edad, índice 
de masa corporal y porcentaje del tiempo para completar los 5 km (t5km) representados por el promedio de los t5km de los 
50 mejores corredores obtenidos en las mejores carreras regionales (para cada género). Los participantes completaron un 
protocolo de entrenamiento de 11 semanas alternando entrenamiento de intervalos de alta intensidad con entrenamiento 
continuo de intensidad moderada, tres veces por semana, en una pista de atletismo. En las semanas 1 y 11 del protocolo 
(línea de base y semana posterior al entrenamiento), se midieron la velocidad máxima de carrera en la cinta (Vpeak), el tiempo 
límite (tlim) en Vpeak, t5km y el índice rMSSD de la variabilidad de la frecuencia cardíaca (VFC) para la función cardíaca autónoma. 
En los análisis se consideraron las diferencias entre géneros en la línea de base. 
Resultados: Hombres y mujeres mejoraron significativamente la Vpeak (9,4 ± 1,7% y 7,2 ± 1,7%, respectivamente) y el t5km (-13,0 
± 1,8% para ambos), y se observaron diferencias relacionadas con el género para las adaptaciones en estas dos variables. El 
tlim en Vpeak y el rMSSD no han cambiado durante el período de entrenamiento en ambos grupos. El porcentaje de cambio 
en los hombres fue moderadamente superior al de las mujeres para la rMSSD (33,4 ± 40,7% vs. 13,9 ± 21,4%), aunque no fue 
significantemente diferente. 
Conclusión: Las respuestas de hombres y mujeres al entrenamiento fueron similares considerando el rendimiento de carrera 
y la función cardíaca autónoma. En relación con la aplicación práctica, Vpeak y su respectivo tlim se pueden aplicar en progra-
maciones de ejercicio para prescribir intensidades de entrenamiento de carrera con intensidades moderadas a altas y con 
beneficios similares, independientemente del género.
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Summary

Introduction: The adherence on endurance running events is increasing exponentially around the World in both previously 
untrained men and women, thus the incorporation of more appropriate and individualized training approaches are required. 
It is not known if male and female untrained runners differ in the responses to endurance running training on performance-
related variables. 
Objective: We aimed to compare performance-related responses to an endurance running training program between 
untrained men and women. 
Material and method: Sixteen participants (8 men and 8 women) were paired in the baseline by age, body mass index, and 
percentage in which time to complete 5 km (t5km) represented from the average of best 50 runners t5km in the greatest regional 
race for each gender. They completed an 11-week training protocol alternating high-intensity interval training and moderate-
intensity continuous running, three times per week, in a running track. In the week 1 and 11 of the protocol (baseline and 
post-training weeks), peak running velocity at treadmill (Vpeak), time limit (tlim) at 100% Vpeak, t5km, and the index rMSSD of heart 
rate variability (HRV) were measured for cardiac autonomic function. Baseline gender-differences were accounted in the analysis. 
Results: Male and female significantly improved Vpeak (9.4 ± 1.7% and 7.2 ± 1.7%, respectively) and t5km (-13.0 ± 1.8% for both), 
and no gender-related differences for the adaptations in these two variables were observed. The tlim at 100% Vpeak and rMSSD 
did not change across the training period in both groups. Percentage of change for men was “moderately” higher than for 
women for rMSSD (33.4 ± 40.7% vs. 13.9 ± 21.4%), although statistically non-significant. 
Conclusion: Men and women responses to training were similar with regards to their running performance and cardiac au-
tonomic function. With regards to practical application, Vpeak and its tlim can be applied in exercise settings for the prescription 
of moderate- to high-intensity running training with similar benefits regardless of the biological gender. 
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Introduction

Running is one of the most common types of endurance exercise 
and the popularity of this activity has increased exponentially in the 
last few decades1,2, which can be seen by the number of finishers in 
the 20 largest road races in the world that doubled in an 11-year period 
(from ≈ 866.000 to 1.600.000 finishers)3. Both men and women have 
increased their adherence to endurance running events in recreational 
level with participation numbers never seen before4,5. The higher rates 
of adherence are followed by significant improvements in performance, 
as the average finishing time of the top 100 and 1000 men and women 
in traditional 10-km road running races has previously shown to signi-
ficantly decrease annually4. 

The improvements in running performance are likely related to 
greater engagement in endurance training routines as well as the in-
corporation of more appropriate and individualized training approaches 
that increase the magnitude of benefits (e.g., high-intensity interval 
trainings and their potential variation and strength muscular training)6-10. 
This training approach is capable of increasing markers of aerobic fitness 
(e.g., V̇O2max)

11, which are expected to reduce risk of all-cause mortality 
and cardiovascular mortality12. Different running training programs 
have been developed13-16 and they usually combine moderate-intensity 
continuous training (MICT) and high-intensity interval training (HIIT)” 
More interestingly, these training regimens have been proven effective 
not only for the highly athletic population, but also in untrained and 
moderately-trained ones6,13,17. 

HIIT seems to contribute to improve aerobic energy metabolism and 
promote neuromuscular, cardiovascular and respiratory changes8 that 
will benefit physiological markers, such as cardiac autonomic function 
and aerobic power18, as well as endurance performance17. However, 
women may present physiological disadvantages when compared to 
men, such as lower systolic volume and cardiac mass, lower lungs, and 
are more prone to arterial desaturation when performing high-intensity 
exercise19,20. Additionally, women present smaller muscle cross-sectional 
area21 and lower glycolysis rates in type I muscle fibers22, which result 
in lower blood lactate concentrations during sprint exercise23. On the 
other hand, women showed higher aerobic participation in sprint 
exercise than men8. 

Together, these evidences suggest that men and women may me-
tabolically and muscularly differ in their responses to sprint/HIIT8,22, and 
these differences could play a role on physiological markers of aerobic 
fitness (e.g., V̇O2max). However, a few studies with untrained sedentary 
populations showed that men and women improved V̇O2max similarly 
after aerobic training with HIIT incorporated11,24. Despite these interesting 
findings, to the best of our knowledge, differences between male and 
female in the responses to endurance running training on performance-
related variables (e.g., time trials, the maximal velocity at incremental 
running test) are poorly understood8. Investigations on this topic are 
further required in a protocol combining HIIT with MICT, given these two 
strategies are very likely the most popular ones adopted in endurance 
exercise settings25 and have been shown to be capable of improving 
5-km running performance26. A comparison between men and women 
after this type of aerobic training could improve the individualization 
of training regimens24.

Thus, this study aimed to compare performance-related responses 
([Vpeak], [tlim], [t5km] and  [HRV]) to an endurance running training program 
between untrained men and women. The training sessions consisted 
of MICT and HIIT. We hypothesized that there are no differences in 
endurance running training changes on performance-related markers 
between males and females, considering that changes in V̇O2max did 
not differ after aerobic training between genders1,24. 

Material and method

Participants

The study was based on a quasi-experimental pre-post test design. 
Firstly, the recruitment of participants was carried out by disseminating 
the study through electronic means and direct contact. Thus, sixteen 
untrained participants (8 male and 8 female) aged between 20 and 
35 years participate in this study. The inclusion criteria were to be an 
untrained who had never engaged in systematic running training 
program with a coach and individualized running training prescription 
and be aged between 20 to 35 years old. With regards to the exclusion 
criteria, the individuals were excluded if they reported to use regular 
pharmacological agents or nutritional supplements; smoker, diabetic, 
hypertensive, asthmatic and/or present any cardiovascular disease; 
body mass index (BMI) ≥ 30 kg•m-2; and were engaged in other sys-
tematic exercise training. Prior to testing, all participants signed the 
informed consent form to participate in the study. All procedures 
and test protocols were explained individually for each participant, 
and were in accordance with the Declaration of Helsinki. The proto-
col was approved by the Local Human Research Ethics Committee 
(#623.581/2014; #409.162/2013) and appropriate standards for human 
experimentation have been followed.

Men and women were matched in the baseline for the following 
characteristics: age, BMI, and percentage in which time to complete 5 
km (t5km) represented from the average of best 50 runners t5km in the 
greatest regional race for each gender.

Experimental design

This was an 11-week protocol with eight weeks of endurance run-
ning training (from week 2-5 and week 7-10) and three weeks of exercise 
testing (week 1 for baseline tests, week 6 to update exercise prescription 
and week 11 for post-training tests). The training program consisted of 
sessions with MICT and HIIT. Prior to assessments, it was performed a 
resting and maximal exercise electrocardiogram and echocardiogram 
by a cardiologist to follow local recommendations prior to engaging 
in high-intensity exercise training. Both men and women performed a 
continuous incremental test under laboratory conditions (temperature 
= 20–22 °C and relative humidity = 50–60%) on a motorized treadmill 
(Inbramed Super ATL®, Porto Alegre, Brazil) to determine Vpeak. The second 
test consisted on a time limit (tlim) at 100% Vpeak, and the third trial was a 
5-km running performance performed in outdoor running track. These 
evaluations were performed in a maximum period of seven days and 
separated from each other by 48 h to ensure the recovery of the partici-
pants27. Furthermore, cardiac autonomic function by HRV was evaluated 
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pre- and post-training for all participants. Participants were instructed to 
attend the testing sessions well rested, nourished, hydrated and wearing 
comfortable clothing. Furthermore, they were also instructed to avoid 
eating 2 h before the tests, to abstain from caffeine and alcohol, and to 
refrain from strenuous exercise for 24 h before testing.

After baseline evaluations men and women performed the exact 
same standardized training protocol. Assessments and training protocol 
are described below.

Assessments

Cardiac autonomic function evaluated by heart rate 
variability (HRV)

The rate-to-rate (R-R) intervals were monitored for 5 minutes, star-
ting in seated position (2-min) and then in standing position (3-min); 
only the 3 minutes in the standing position were considered in the 
analysis28. We chose this position to avoid possible saturation of HRV, 
expressed as unchanged or even decreased HRV despite increased 
cardiac vagal outflow, which is susceptible at low heart rate (HR) le-
vels29. Moreover, this position seems to be more suitable to long-term 
changes on HRV (i.e., 24 and 48 h), favoring HRV application in exercise 
training settings27. Participants were instructed to remain quiet, with 
eyes open, and to breathe spontaneously over the data acquisition 
period30,31. We used a HR monitor (Polar®, RS800cx, Kempele, Finland) 
previously validated for this purpose32. Ectopic, missed or aberrant values 
were identified and excluded33. R-R intervals data was downloaded the 
software (Polar Pro Trainer®) and expressed in milliseconds to be analy-
zed by Kubios® HRV analysis software (Department of Applied Physics, 
University of Eastern Finland, Kuopio, Finland). The R-R intervals were 
analyzed using the time-domain index square root of the mean of the 
squares of successive R-R intervals differences (rMSSD)13,29,34. 

Peak running velocity (Vpeak) at treadmill
 The Vpeak was measured at week 1 and week 11 of the protocol 

to assess training effects and at week 6 to update prescribed training 
intensities. After warming-up walking for 3 min at 6 km•h-1, the protocol 
initiated with a treadmill velocity of 8 km•h−1, followed by an increase 
of 1 km•h−1 at each successive 3-min stage until volitional exhaustion 
(i.e., participant was unable to continue running)35,36 and when the two 
the following criteria were met: (1) maximum HR (HRmax) ≥ 100% of 
endurance-trained age-predicted HRmax using the age-based “206 – 0.7 
× age” equation37 and (2) maximum RPE (RPEmax) ≥ 18 in the 6–20 Borg 
scale38.The incline gradient was set at 1%39. Consistently across each 
trial, participants were verbally encouraged, to invest maximum effort.

Before testing, participants were familiarized with the 6–20 Borg 
scale38, which was used to determine the rating of perceived exertion 
(RPE) during the last 15 seconds of each stage and at perceived exhaus-
tion. The highest RPE value was considered the maximal RPE (RPEmax). 
HR was also measured at the last 15 seconds of each stage of the tests 
(Polar® RS800sd, Kempele, Finland) and HRmax was defined as the highest 
HR value recorded during the test.

The Vpeak was defined as the velocity of the last complete stage 
added to the multiplication of the velocity increment by the completed 
fraction of the incomplete stage, calculated according to the equation40: 

Vpeak = Vcomplete + (Inc × t/T), in which ‘Vcomplete’ is the running velocity of 
the last complete stage, Inc the velocity increment (i.e., 1 km•h−1), ‘t’ the 
number of seconds sustained during the incomplete stage, and ‘T’ the 
number of seconds required to complete a stage (i.e., 180 s).

Time limit (tlim) at Vpeak

After a 15-min warm-up at 60% Vpeak, the running velocity in the 
treadmill was increased (over 6 seconds) to the individual’s Vpeak

41. The 
incline gradient was set at 1%39 and participants were also encouraged 
to provide their maximal effort. The result obtained in the tlim test was 
the test duration (min) without considering the warm-up. This variable 
was measured at week 1, 6 and 11 of the protocol to assess training 
effects and for the prescription of the duration of the series and intervals 
during HIIT sessions.

5-km running performance
 It was completed as a field test to verify the time to complete a 

5-km running performance (t5km). This took place on a 400-m running 
track  after 10 minutes of warm-up. The warm-up included 5-min jogging 
at a self-selected intensity and 5-min stretching.

Diary of symptoms related to pre-menstrual syndrome (PMS) 
Women were instructed to provide information daily regarding 

emotional and physical symptoms related to PMS that were based 
on the criteria established by the American College of Obstetricians 
and Gynecologists42. Given that the diagnosis of PMS requires a long 
follow-up period to ensure the symptoms are consistently present (e.g., 
at least three cycles in a row)42, we classified women as presenting or 
not presenting symptoms related to PMS. In brief, when the subject 
presented a combination of at least one emotional symptom and one 
physical symptom in the five days prior to menstruation, that were not 
observed in the follicular period (from the sixth to the tenth day of the 
menstrual cycle), PMS was noted42. 

Endurance running training
Training sessions were performed on a 400-m running track during 

the afternoon and evening due to the availability of the participants 
on Mondays, Wednesdays, and Fridays. If for any reason they missed a 
training session, they were re-scheduled for another weekday (usually 
Tuesday or Thursday) in order to perform at least 90% of the training 
sessions (i.e., at least 22 of the 24 training sessions prescribed). Parti-
cipants were asked to do their training and subsequently testing at a 
similar time each day to avoid circadian cycle influence.

Training sessions consisted of MICT and HIIT. MICT and HIIT were 
both performed in the first (weeks 2 to 5) and last (weeks 7 to 10) tra-
ining weeks. The MICT and HIIT were prescribed based on of Vpeak and 
tlim at 100% Vpeak determined during pre-training (week 1) and the exer-
cise intensity was readjusted at week 6 (Table 1)11,24. Training sessions 
were preceded by a 15 min warm-up, with 5 min of low self-selected 
intensity running, 5 min of stretching exercises, and 5 min of running 
at 60% Vpeak. After each session, participants had 10-15 minutes of 
cool-down. In total, both groups of participants performed 24 training 
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sessions on non-consecutive days over a period of eight weeks (weeks 
2-5 and weeks 7-10). They completed eight weeks of training with MICT 
and HIIT training every other day. All training sessions were monitored by 
session-RPE and training load was quantified by multiplying the whole 
RPE using the 10-point scale (CR-10) by its duration (min)43. 

Statistical analysis
The Statistical Package for the Social Sciences 17.0 software (SPSS 

Inc., United States) was used in the analysis. Data were presented as 
means ± standard deviations (SD). Normality was tested with the Shapi
ro–Wilk test. Group comparisons at baseline were performed t tests for 
independent samples according to normality test results. The training 
adaptations (i.e., Week 1 vs. Week 11) were assessed using paired t-test 
for each gender. Gender differences in the variation between week 1 
vs. week 11 were tested with univariate ANOVA and ANCOVA (contro-
lling by the baseline values when baseline between-group significant 
differences were observed). Statistical significance was set at P < 0.05. 
In addition, effect size (ES)44 and confidence intervals (CI) were used to 
determine the magnitudes of differences between groups (Hedges’ g) 
for training adaptations. The threshold values for ES were: < 0.2 (trivial), 
0.2 to < 0.6 (small), 0.6 to < 1.2 (moderate), ≥ 1.2 (large)45. 

Results

Baseline comparison between men and women

 With regards to the matching parameters for men vs. women, no 
differences were found to age (male: 26.6 ± 5.0 years; female: 26.3 ± 3.2 
years; P = 0.853), BMI (male: 25.8 ± 3.0 kg•m-2; female: 22.8 ± 4.8 kg•m-2; 
P = 0.157) or percentage in which t5km represented from the average of 
best 50 runners t5km in the greatest regional race for each gender (male: 
148.9 ± 27.7 %; female: 160.7 ± 24.9 %; P = 0.385). 

Training loads measured by session-RPE were not different between 
groups for both MICT (male: 299 ± 113.4 AU; female: 280.8 ± 68.5 AU; 
P = 0.703) and HIIT (male: 345.6 ± 101.0 AU; female: 331.0 ± 73.0 AU; 
P = 0.747). The cardiac autonomic function (male rMSSD: 21.9 ± 6.2 ms; 
female rMSSD: 24.5 ± 10.3 ms; P = 0.563) and tlim at Vpeak (male: 6.3 ± 0.7 
min; female: 5.2 ± 1.3 min; P = 0.054) were also not different between 
genders. However, the t5km (male: 28.1 ± 3.0 min; female: 36.9 ± 5.7 min; 
P = 0.002) presented higher values in women while Vpeak (male: 13.2 
± 0.9 km•h-1; female: 36.9 ± 5.7 km•h-1; P = 0.001) was higher for men.

Responses to endurance running training

Male and female significantly improved Vpeak (male: 9.4 ± 1.7 %; 
female: 7.2 ± 1.7 %) and t5km (men: -13.0 ± 1.8 %; female: -13.3 ± 1.8 %). 
No gender-related differences for the adaptations in these two variables 
were observed. 

The tlim at 100% Vpeak and rMSSD did not change across the training 
period in either men and women. Percentage of change for men was 
“moderately” higher than for women for rMSSD, although not signifi-
cantly different (confidence intervals crossing “0” for both ANOVA and 
ES). Mean and standard deviation as well as inferential analyses are 
presented in Table 2.

Symptoms related to pre-menstrual syndrome (PMS)

The results concerning the frequency of women who presented 
symptoms related to PMS, from the eight women assessed, three pre-
sented emotional and physical symptoms during pre-menstrual phase 

Table 1. MICT and HIIT used during training sessions for both 
groups.

		  1st four weeks of training
MICT	 30 ± 2.5 minutes at 75 ± 4% of Vpeak
HIIT		  Xa series at 100 ± 2% of Vpeak with duration of 
		  60% of tlim and the same interval (1:1)

		  2nd four weeks of training
MICT	 40 ± 2.5 minutes at 75 ± 4% of Vpeak
HIIT		  Xa series a 100 ± 2% of Vpeak with duration of  
		  60% of tlim and the same interval (1:1)

a The number of series of each participant was adjusted for a duration of 30 ± 2.5 minutes 
(in the 1st four weeks of training) and 40 ± 2.5 minutes (in the 2nd four weeks of training).

HIIT: High intensity interval training; MICT: moderate-intensity continuous training.

Table 2. Peak running velocity (Vpeak), time limit at peak running velocity (tlim at 100% Vpeak), time to complete the 5 km (t5km), and square root of 
the mean of the squares of successive R-R intervals (rMSSD) differences pre and post endurance running training program in male and female.

			   Male (n = 8)		  Female (n = 8)	
	Variable		  Week 1	 Week 11	 Variation	 Week 1	 Week 11	 Variation	 Difference	 ES (95% CI - 
					     (%, 1 × 11)			   (%, 1 × 11)	 (95% CI) 	 clssification) 
									         (Male vs Female)	 (Male vs Female)

Vpeak (km•h-1)		  13.2 ± 0.9	 14.3 ± 0.9*	 9.4 ± 1.7#	 10.6 ± 1.5	 11.5 ± 1.5*	 7.2 ± 1.7#	 2.2 (-4.0; 8.3)	 -0.03 (-0.89; 0.85 - trivial)

tlim at 100% Vpeak (min)	 6.3 ± 0.7	 6.7 ± 0.5	 6.7 ± 17.6	 5.2 ± 1.3	 5.6 ± 1.6	 10.7 ± 27.7	 -4.1 (-28.9; 20.8)	 -0.18 (-1.04; 0.77 - trivial)

t5km (min)		  28.1 ± 2.9	 24.5 ± 2.4*	 -13.0 ± 1.8#	 36.9 ± 5.7	 31.9 ± 5.4*	 -13.3 ± 1.8#	 0.3 (-6.2; 6.9)	 -0.10 (-0.99; 1.35 - trivial)

rMSSD (ms)		  21.9 ± 6.2	 28.7 ± 11.0	 33.4 ± 40.7	 24.5 ± 10.3	 27.0 ± 8.9	 13.9 ± 21.4	 19.6 (-15.9; 55.1)	 0.63 (-0.85; 2.51 - moderate)

ES: effect size; rMSSD: square root of the mean of the squares of successive R-R intervals differences; tlim at Vpeak: time limit at peak running velocity in the treadmill; t5km: time to complete 5 km; 
Vpeak: peak running velocity.   
*P < 0.05 Week 1 vs. Week 11. 
#Variation (means and standard error) was corrected by the baseline values (covariate) for these variables.
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in two different cycles. When the presence or not of PMS was applied 
in our analysis to control changes after the running training program, 
no influence in the results was observed (P > 0.05; unpublished data).

Discussion

The present study aimed to compare performance-related res-
ponses to an endurance running training program (i.e., with MICT and 
HIIT sessions) between untrained men and women. The main finding 
was that the responses to endurance running training showed to be 
similar between men and women. Percentage of change for men was 
“moderately” higher than for women for rMSSD, although statistically 
non-significant (confidence intervals crossing “0” for both ANOVA and 
ES). The non-difference between genders confirms our hypothesis.

These results are similar to the ones observed by de Prada et al.24 

who showed that women and men improved similarly after a 16-week, 3 
days/week, high-intensity interval training program in markers of aerobic 
fitness (e.g., oxygen uptake efficiency slope, VO2 at ventilatory threshold, 
VE/VCO2 slope and V̇O2max). Metcalfe et al.11 investigated the differences 
between sedentary men and women with regards to V̇O2max changes 
after a 6-week reduced-exertion HIIT and found that both genders 
increased in similar magnitude this physiological variable. 

While de Prada et al.24 and Metcalfe et al.11 focused on physiological 
markers of aerobic fitness, our outcomes are indices of running per-
formance, such as Vpeak, tlim at 100% Vpeak and t5km. The Vpeak is correlated 
with V̇O2max

46 and in fact was previously associated with the occurrence 
of V̇O2max

47. In untrained and moderately-trained individuals, V̇O2max is 
also a predictor of performance in endurance races (e.g., from 3 km to 
ultramarathons)46,47. Nevertheless, Vpeak would be a preferable predictor of 
performance in endurance events35,36,46, as it accounts for the interaction 
between V̇O2max and running economy17.

The non-difference between genders could be because the HIIT 
planned was not intense enough to allow differences between women 
and men to be observed. Women have higher chances of presenting 
arterial desaturation when performing higher-intensity exercise19, and 
sprint exercises (i.e., higher than 100% Vpeak) can exacerbate differences 
between men and women in acute physiological responses, such as 
lower glycolysis rates in type I muscle fibers22 and lower blood lactate 
concentrations23. However, Astorino et al48 did not find differences bet-
ween genders in the responses to 2-3 weeks of sprint exercise training 
(i.e., 4 bouts of Wingate test separated by 5-min of active recovery) on 
V̇O2max, fatigability, substrate oxidation, and voluntary force production 
of the knee flexors and extensors, so this factor should not be influen-
cing our findings.

Another aspect that could lead to different responses between 
men and women is the baseline performance differences between 
genders. Men had better results in the t5km and Vpeak than women in this 
timepoint, which is expected if they are matched by their training levels 
(i.e., similar performance when compared to highly-trained runners of 
their gender)24. This is due to their physiological advantage compared to 
women. For instance, men present higher systolic volume and cardiac 
mass, greater lungs, and higher absolute and relative V̇O2max 

11,19,20. As men 
have a higher capacity to generate muscle power during physical efforts, 

they could have greater aerobic fitness benefits24. However, this was not 
observed in the present study and the assessed variables presented no 
differential progression with the training program. Similar results were 
found in other populations, such as young and physically active48, se-
dentary middle-aged9, and older healthy but sedentary populations49.

Our study did not find any significant gender-related differences 
in the rMSSD changes over the course of a running training program 
(confidence interval crossed “0” in the ANOVA and ES). However, the 
ES value (0.63) suggested a moderately greater improvement in men 
compared to women. The rMSSD is an HRV index related to cardiac auto-
nomic function and changes in this variable represent adaptations in the 
parasympathetic activity29. Kiviniemi et al.28 did not find any significant 
changes after 8 weeks of an aerobic training program in moderately 
active men and women for another parasympathetic index of HRV 
(SD1). However, the authors did not compared changes promoted by 
the training between men and women for SD1. 

There are factors that could suggest some advantage for men 
compared to women in the changes in rMSSD, which may explain 
the greater ES we found in our study favorable to men (although not 
significant). For instance, the lower fitness level of women compared 
to men despite of the similar training status could have led women to 
a more exacerbated increase in sympathetic activity, particularly after 
high-intensity exercise28. This may attenuate women’s long-term rMSSD 
response to aerobic exercise. Factors such as circulating hormone levels 
and higher odds of excessive heat stress after an acute session of exercise 
in women could have affected rMSSD responses to running training50,51. 
We did not perform the baseline and post-training assessment contro-
lling by the phase of the menstrual cycle that women were; however, 
we monitored the presence or not of physical and emotional symptoms 
of pre-menstrual syndrome. With regards to the effect of menstrual 
cycle on aerobic variables, studies have reported no changes over the 
menstrual cycle on Vpeak, V̇O2max and other maximal and submaximal 
cardiorespiratory parameters52-55; however, other studies have found 
differences between luteal and follicular phases for these variables56,57.

We have important strengths in the study, such as matching 
male and female participants by relative fitness level in the baseline, 
as well as age and BMI. We also accounted for the baseline differences 
between men and women and the impact on training adaptations8,24. 
Nonetheless, we also have limitations, such as the small sample size for 
each group, as this study represents secondary data analysis from larger 
projects. Even though, we calculated a post hoc achieved power using 
G*Power 3.1 (Düsseldorf, Germany), and we found that both men and 
women groups were powered (1-β > 0.80) to detect training adaptations 
in t5km (i.e., main outcome). In an attempt of better controlling for type 
II error in other outcomes, we provided magnitude of change analysis 
through between-group ES. 

We did not control the specific phase of menstrual cycle that 
women were assessed for the baseline and post-training time points, 
but literature suggests that Vpeak, V̇O2max, and performance in shorter 
endurance-related distances are not affected by the phase of menstrual 
cycle52-55. To minimize individual perceptual changes in physical and 
emotional symptoms during the pre-menstrual phase, we assessed the-
se perceptions in two menstrual cycles in a row and noted no influence 
in our findings of those with symptoms of pre-menstrual syndrome.
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Therefore, men and women responses to training were similar 
with regards to their running performance and cardiac autonomic 
function, with only a moderate ES for percentage changes in rMSSD for 
men compared to women. Regardless of the response to training, men 
presented higher endurance running performance than women did. 
Vpeak and its tlim can be applied in exercise settings for the prescription 
of moderate- to high-intensity running training with similar benefits 
independently of the gender. 
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