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ABSTRACT: This study aimed to analyze both influence of aerobic fitness and active recovery in heart 
rate (HR) reduction after maximum exercise (i.e. maximum incremental test) in untrained young women. 

Seventeen women were evaluated (23.88 ± 4.85 years), divided by the medium of peak of consumption of 

oxygen (30.80 mL.kg-1.min-1), in higher or lower aerobic fitness obtained during a maximum incremental 
test performed on a cycle ergometer. The post-exercise recovery was performed actively and passively, on 

two randomly non-consecutive days. It was noticed that HR at 6th and from the 6th to 10th min after the 

passive and active recovery, respectively, was lower in the higher aerobic fitness group, beyond that, the 
values of %HR reduction from the 6th to 10th min at 6th min after passive and active recovery, 

respectively, were higher in the higher aerobic fitness group. After active recovery, HR in 8th and 9th min 

and %HR reduction of the 8th to 10th min were lower and higher, respectively (p<0.05) than passive 
recovery in the lower aerobic fitness group. In short, the aerobic fitness influenced HR reduction after 

maximum exercise in untrained young women, mainly, after passive recovery. Besides that, the active 

recovery showed benefits in HR reduction in lower aerobic fitness group. 

 

Key Words: Autonomic cardiac modulation; Recovery; Maximum consumption of oxygen. 
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RESUMO: O presente estudo teve como objetivo analisar a influência da aptidão aeróbia e recuperação 

ativa na redução da frequência cardíaca (FC) após o exercício máximo (teste incremental máximo) em 
mulheres jovens não treinadas. Foram avaliadas dezessete mulheres jovens (23,88 ± 4,85 anos), divididas 

pela mediana do consumo pico de oxigênio (30,80 mL∙kg-1∙min-1), em maior ou menor aptidão aeróbia 

obtida durante um teste incremental máximo. A recuperação pós-exercício foi realizada de forma ativa e 
passiva, em dois dias experimentais randomizados e não consecutivos. Foi observado que, a FC foi menor 

no grupo de maior aptidão aeróbia no 6º min após a recuperação passiva e do 6º ao 10º min após a 

recuperação ativa, além disso, os valores do percentual de redução da FC foram maiores no grupo de 
maior aptidão aeróbia do 6º ao 10º min e no 6º min após a recuperação passiva e ativa, respectivamente. 

Após a recuperação ativa, a FC no 8º e 9º min e o percentual de redução da FC do 8º ao 10º min foram 

menores e maiores, respectivamente (p <0,05) do que após a recuperação passiva no grupo com menor 
aptidão aeróbia. Em suma, a aptidão aeróbia influenciou na redução da FC pós-exercício máximo em 

mulheres jovens não treinadas, principalmente após a recuperação passiva. Além disso, a recuperação 

ativa auxiliou na redução da FC no grupo com menor aptidão aeróbia. 
 

Palavras-chave: Modulação autonômica cardíaca; Recuperação; Consumo máximo de oxigênio. 
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Introduction 

Cardiovascular diseases are the main cause of death worldwide and it has had a progressive increase, mainly in 

young women
1
. In order to stratify cardiovascular alterations, is recommended that women be submitted to different 

laboratory protocols, e.g. maximal exercise effort, which represents the most common condition reproduced in a 

symptom-limited exercise test. 

Besides that, an attenuated reduction of the heart rate (HR) after physical exercise is associated with lower 

aerobic fitness and the most cardiovascular risk
2-6

. In a general way, the HR recovery has been evaluated in several 

populations, as untrained young males
7
, overweight

6,8
, and normal weight physically active adults

9-13
, as well as young 

and middle-aged men with different aerobic fitness levels
14

; healthy elderly
5,15,16

 and/or with associated diseases
2-4,16

. 

It has been observed that women presented an autonomic balance in favor of parasympathetic modulation 

compared to men, regardless of the level of physical fitness
17

, which has been justified by reproductive hormones
18

. In 

addition, a previous study showed that a higher aerobic fitness, in marathoner women, caused an accelerated HR 

recovery after a maximal incremental exercise test
19

. From this, small differences in aerobic fitness in untrained women 

may be important to improve the HR recovery. However, there are few studies singly evaluated untrained women 

without associated diseases
20,21

, and mainly the recovery type influence. In this way, interventions that can accelerate 

the cardiac autonomic restoration in individual with lower aerobic fitness are essential and must be research. 

HR recovery can be influenced by the type of post-exercise recovery, which can be active
2,6,8,22

 or 

passive
5,9,10,15

. Previously, it has been demonstrated that the use of post-exercise active recovery may be able to reduce 

hypotension, syncope, and arrhythmias
23,24

 in this period, since the muscular pump action is not abruptly interrupted, 

contributing for better venous return and metabolites removal (i.e. blood lactate)
12,25-28

. A few studies examined the 

post-exercise active recovery influence in the HR recovery, and shown that had no benefit
11,12

 in activity men. On the 

other hand, the active recovery caused delayed in post submaximal exercise HR recovery
27

 and improved cardiac 

autonomic recovery after maximal exercise
29

. 

To the best of our knowledge, the influence of aerobic fitness and active recovery in the HR at initial instants 

after maximum exercise had been not investigated, mainly in untrained young adult women. Therefore, the aim of this 

study was to analyze the influence of the aerobic fitness level and active recovery in HR recovery after maximum 

exercise (i.e. maximum incremental test) in untrained young women. The hypothesis of this study was that a higher 

aerobic fitness influences higher HR reduction, independent of the recovery type and that there is a higher HR reduction 

after the active recovery. 

Methods 

Subjects 

Seventeen young (23.88 ± 4.85 years old) untrained (not practicing regular physical exercises at least for four 

months) women were evaluated. The exclusion criteria were: smoking, using any continuous (e.g., anti-hypertensive, 

anti-diabetic, anti-depressive and anxiolytic agents) or casual medication use that could be possible use to interfere in 

the measure variables, osteoarticular problems, preexisting diseases, sudden death of first-degree relatives below 40 

years-old, pregnancy, breastfeeding or on the first week of the follicular phase of the menstrual cycle. 

The Ethics Committee in Human Research from the institution approved the study procedures (number 

65485217.5.0000.5541) and all the participants signed an Informed Consent Term. All procedures beginning between 3 

and 5 p. m., with an average temperature of 24.6 ± 1.0 °C and air humidity of 41.3 ± 5.0 %. 

The participants performed three nonconsecutive visits to the laboratory, with 72 hours interval. The 

participants were divided by the median of aerobic fitness from the VO2peak in two groups: higher (> 30.81 mL∙kg
-1

∙min
-
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1
) and lower (≤ 30.80 mL∙kg

-1
∙min

-1
) aerobic fitness. To this was considered the VO2 values obtained at first maximal 

incremental exercise realized at the second visit. Additionally, the participants performed two recovery types after 

maximal incremental exercise: passive or active, that were performed at the second and the third visit, according to the 

prior draw and balanced (Figure 1). 

 

 
Figure 1. Experimental design. 

 

Procedures 

The participants were oriented not to practice hard physical activities and not drink stimulant or alcoholic 

beverages in the previous 24 hours to all evaluations. In the first visit, after 12 hours of fasting, venous blood was 

collected from the antecubital vein. The fasting glycemic and lipid profile (triglycerides and total cholesterol) were 

analyzed using specific reagents (ANALISA, Brazil) for serum dosage of each analyte, in the microplate’s reader (KHB 

ST-360, Japan). None of the participants presented fasting glucose (> 100 mg dL
-1

), triglycerides (> 150 mg dL
-1

) and 

total cholesterol (> 200 mg dL
-1

) elevated
30

. 

After that, the body composition measures collected were: body mass (CAMRY scale, Brazil) and height 

(SANNY stadiometer, Brazil) to determine the body mass index (BMI); abdominal circumference, obtained above the 

umbilical scar (CARDIOMED tape measure, Brazil). The body fat percentage (%BF) was measured through tetrapolar 

bioelectrical bioimpedance (MALTRON, BF 907) following the manufacturer instructions, and the participants were 

instructed not to drink any liquids and not urinate 30 min before the evaluation. 

In the second and third visit, the participants consumed a standard snack (360.7 Kcal) two hours before the 

beginning of the procedures, composed by 73.2% carbohydrates (66g), 20.7% lipids (8.3g) and 6.1% proteins (5.5g). 

The resting HR was measured during 15 continuous minutes, with the participants seated. The 10 final minutes 

of resting average were considered to determine the HR. After that, the blood pressure measured twice (Microlife 

BP3T0-A, Brazil), with two minutes of interval between each one. When a difference greater than 5% between the 
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measurements was observed, it was performed a third one and calculated the average of the closest values. The 

measurement of blood pressure followed the procedures established by the VI Brazilian Guidelines of Hypertension
31

. 

 

Maximal incremental exercise protocol 

In the second and third visit, the maximum incremental test in a cycle ergometer (INBRAMED, CG-04, Brazil) 

was performed, with initial workload of 30 W and addition of 15 W per minute, keeping a cadency of 60 rpm, until 

volitional exhaustion
32

. The rating of perceived exertion was monitored using the 15 points Borg’s scale
33

. To consider 

test as maximum, three from four criteria would be attended: failure to maintain 60 rpm for more than 10 seconds; at 

least 90% maximum HR predicted by the age (220 – age); rating of perceived exertion higher than 17; respiratory 

exchange ratio higher than 1.1
28

. 

During the test, the expired gases were recorded every 10 seconds, analyzing the volumes of oxygen 

consumption (VO2) and carbon dioxide (VCO2) production. The aerobic fitness was determined by the peak of oxygen 

consumption (VO2peak) obtained by the ergo spirometry (VO2000 MEDICAL GRAPHICS, USA), from the highest 

value measured in the final instants of the incremental test
34

. 

 

Recovery post-exercise 

The recovery period was performed during 5 min in an active (15 W) or passive (seated on the cycloergometer) 

way, according to the prior and balanced draw. Then, the participants remained for more 5 min seated on the 

cycloergometer to evaluated the influence of type of recovery at HR (HR6, HR7, HR8, HR9, HR10).  

 

Data analyses 

All HR data at rest, exercise and post-exercise were measured using a portable HR monitor (POLAR, 

RS800CX, Finland) with beat-to-beat records, by the R-R intervals. The data were treated in the Kubios HRV
®

 

program, with artefacts filtered in the software (moderate filter). The error percentage observed was lower than 2% in 

all evaluated. 

When the last stage was not completed, the maximum workload was determined by the equation: Workloadmax 

= workload in W at the last complete stage + [(time (s) in the last stage/60s) x 15W]
35

. 

HR was identified after maximun exercise, as well as, its reduction percentage (%HR), of each minute, in 

relation to HRpeak, identified at the end of exercise. 

 

Statistical analyses 

The normality and homogeneity of data were tested by Shapiro-Wilk and Levene tests, respectively. 

Descriptive statistic was used and the results were expressed by mean and standard deviation. Student’s t-test was used 

to compare parametric data of anthropometric and body composition variables between the groups. ANOVA-Mixed of 

repeated measures with Bonferroni’s Post-hoc were used to compare rest, exercise and post-exercise recovery variables 

between the groups. Pearson’s correlations wes used to verify the correlations between variables. The significance level 

adopted was 5% (p<0.05). 

 

Results 

There were no significant differences in any anthropometrics and body composition variables between groups 

(Table 1). 
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Table 1: Anthropometric and body composition characteristics in lower and higher aerobic fitness groups. 

 Lower aerobic fitness (n=8) Higher aerobic fitness (n=9) p value 

Age (years) 25.28 ± 5.64 22.94 ± 5.64 0.370 

Body mass (kg) 58.10 ± 7.55 56.83 ± 4.63 0.679 

Height (m) 1.62 ± 0.07 1.63± 0.05 0.663 

Body mass index (kg m
-2

) 22.23 ± 1.96 21.44 ± 1.76 0.399 

Abdominal circumference (cm) 79.38 ± 6.45 75.11 ± 4.08 0.125 

Body fat (%) 28.11 ± 3.66 25.36 ± 4.60 0.505 

 

The incremental tests performed were considered maximum for all participants, once that all criteria were 

attended (Table 2), without difference between groups, refocusing that the both groups performed the post-exercise 

recovery period under similar conditions. Besides, lower values of absolute maximum workload and VO2peak were 

observed in lower aerobic fitness group compared to higher aerobic fitness group (Table 2). 

 

Table 2: Rest and exercise test variables. 

 Passive  p  

value 

Active p 

value  Lower aerobic 

fitness (n=8) 

Higher aerobic 

fitness (n=9) 

Lower aerobic 

fitness (n=8) 

Higher aerobic  

fitness (n=9) 

Rest  

Systolic blood 

pressure (mmHg) 

101.63 ± 8.19 105.61 ± 12.35 0.491 101.50 ± 10.42 107.72 ± 7.77 0.236 

Diastolic blood 

pressure (mmHg) 

65.63 ± 7.11 66.11 ± 8.43 0.900 65,38 ± 7,84 67.72 ± 8.52 0.637 

Heart rate (bpm) 80.00 ± 17.91 71.6 ± 11.18 0.259 82.50 ± 16.72 71.17 ± 10.69 0.190 

Exercise  

Peak heart rate 

(bpm) 

191.88 ± 7.75 189.11 ± 5.06 0.392 191.88 ± 8.56 189.11 ± 5.16 0.426 

Peak heart rate 

(%) 

98.58 ± 4.36 96.03 ± 3.90 0.222 98.59 ± 4.88 96.00 ± 3.15 0.209 

RPE 19.58 ± 0.35 20.00 ± 0.00 0.304 19.63 ± 1.06 19.78 ± 0.44 0.607 

Respiratory 

exchange ratio 

1.18 ± 0.05 1.21 ± 0.08 0.357 1.21 ± 0.08 1.17 ± 0.05 0.325 

Peak workload 

(W) 

138.28 ± 23.40
†
 167.61 ± 16.72 0.009 132.75 ± 22.62

‡
 171.36 ± 22.79 0.003 

VO2peak (mL kg
-1

 

min
-1

) 

29.37 ± 2.44
†
 36.38 ± 5.14 0.003 29.36 ± 1.79

‡
 37.52 ± 5.11 0.001 

RPE: Rate of perceived exertion; VO2peak: Peak oxygen consumption.  † Difference between lower and higher aerobic fitness groups in 

passive recovery.  ‡ Difference between lower and higher aerobic fitness groups in active recovery. 
 

HR at 6
th

 min and from 6
th

 to 10
th

 min in passive and active recovery, respectively, was lower in the higher 

aerobic fitness group compared to lower aerobic fitness group (Figure 2). %HR reduction from 6
th

 to 10
th
 min and at 6

th
 

min in passive and active recovery, respectively, was higher in higher aerobic fitness group compared to the lower 

aerobic fitness group (Table 3). 
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Figure 2. Heart rate (HR) at 1-10 min after maximal exercise test in the groups according to aerobic fitness and recovery type.  

*Difference between passive and active recovery in lower aerobic fitness group; † Difference between lower and higher aerobic fitness groups after 
passive recovery; ‡ Difference between lower and higher aerobic fitness groups after active recovery. 

 

Table 3: Percentage of heart rate (%HR) reduction during five minutes after recovery (passive or active) after maximum exercise in the groups 

according to aerobic fitness. 

 Passive Active 

 Lower aerobic fitness 

(n=8) 

Higher aerobic fitness 

(n=9) 

Lower aerobic 

fitness (n=8) 

Higher aerobic 

fitness (n=9) 

%HR6 32.46 ± 5.14
†
 39.35 ± 3.42 31.77 ± 6,54

‡
 39.25 ± 4.49 

%HR7 33.43 ± 4.97
†
 40.63 ± 3.17 35.59 ± 5,79 40.53 ± 4.77 

%HR8 33.71 ± 5.23
†*

 40.86 ± 3.49 36.51 ± 5,68 41.22 ± 4.17 

%HR9 34.04 ± 5.36
†*

 41.27 ± 3.44 36.67 ± 4,76 41.55 ± 5.22 

%HR10 34.68 ± 5.17
†*

 41.32 ± 2.51 37.26 ± 4,75 42.01 ± 5.07 

† Difference between lower and higher aerobic fitness groups after passive recovery; ‡ Difference between lower and higher aerobic fitness 

groups after active recovery; * Difference between passive and active recovery in lower aerobic fitness group. 
 

Aerobic fitness (VO2peak) was associated with HR (r: -0.49 to - 0.51, p < 0.05) and %HR reduction (r: 0.50 to 

0.53, p< 0.05) at the minutes 6, 7, 8 and 10 of passive recovery. There were no associations between aerobic fitness and 

HR in any moment after the active recovery. 

After the active recovery, HR in 8
th

 and 9
th

 min and %HR reduction in 8
th

 to 10
th

 min, were lower and higher, 

respectively, compared to the passive recovery in the lower aerobic fitness group. 

 

Discussion 

In this study, the HR after maximum exercise was influenced by aerobic fitness, being evident that lower 

aerobic fitness delayed the HR reduction, mainly after passive recovery in untrained young women. Additionally, active 

recovery seems to show benefices only to the lower aerobic fitness group. 

Considering the increase of cardiovascular problems in women, the HR assessment after maximal exercise, in 

passive or active recovery, is an important tool to evaluate cardiovascular reactivity in situations where the neural 

(central command) and peripheral mechanisms (metaboreflex, chemoreflex) of cardiovascular control, answer 
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according to each stimulus
36,37

. 

To our knowledge, there is no study that has compared type of recovery in untrained populations, which 

represent the majority of beginners in physical training programs to health promotion, and often subjected to evaluation 

of current physical fitness. 

HR was lower in higher aerobic fitness group in both recovery types, being evident that low aerobic fitness 

causes a delay in the HR reduction after maximal exercise. Previous studies showed that low aerobic fitness is related to 

lower HR reduction in recovery after exercise in different populations
4,6,8,10,14

. It is possible to observe that higher 

aerobic fitness group had moderate values of maximum workload and peak oxygen consumption, compared to 

literature, which corresponds to the untrained condition of the participants
38,39

. 

Araújo et al.
8
 observed that young untrained men with higher aerobic fitness presented lower resting and HR 

during active recovery in the 1
st
, 2

nd
, 3

rd
 min after maximum exercise compared to their pairs with lower aerobic fitness. 

In the same way, higher aerobic fitness level causes an accelerated HR reduction in the recovery, in men and women 

trained and sedentary in middle-aged
15

, so as, marathoners women
19

. In our study, the aerobic fitness (VO2peak) was 

positively associated with HR and %HR reduction in the minutes 6, 7, 8 and 10 of passive recovery. 

In the present study, the HR was lower during passive recovery compared to active recovery, regardless 

aerobic fitness. This is probably due to the cessation of the central command of the motor cortex and the 

mechanoreceptor stimulus reduction, which cause the parasympathetic activity increase and the sympathetic activity 

reduction, after the interruption of the physical exercise
40

. 

The active recovery after physical exercise is recommended because can minimize the hypotension in the 

initial recovery instants and cardiac autonomic imbalance, once that the muscular pump action is not suddenly 

interrupted, helping the venous response
27,28

, besides to accelerate accumulated metabolites during exercise
12

. However, 

there was no influence of the active recovery in hemodynamics and cardiac autonomic responses post-exercise, during a 

period of 30 min after recovery, in young men physically active, once there were no benefits in the parasympathetic 

activity
11,12

. Additionally, there were no differences in HR during the active and passive recovery in physically active 

young people of both sexes in the 5 initial minutes
7
 similar in this study, because there were no benefits of active 

recovery in the higher aerobic fitness group. 

The active recovery seems to have benefices only at the very low aerobic fitness as the lower aerobic fitness 

group of present study, in which after the active recovery, HR in 8
th

 and 9
th

 min and the %HR reduction from 8
th

 to 10
th
 

min, were lower and higher, respectively compared to the passive recovery. Similar results were found after 7 and 27 

min of active recovery post submaximal exercise
29

. We assumed that this maybe be due the accelerate lactate removal 

related to the higher aerobic fitness
41

, limiting a possible positive effect of the active recovery in the higher aerobic 

fitness group, or the low intensity used in active recovery (8.77% maximal workload), was insufficient to promote 

benefits in women with greater aerobic fitness. It was recently found that recovery (20 min) at 50% and 25% of 

maximal potency reduced lactate concentrations by 43% and 15%, respectively
42

. Additionally, Hoshi, Vanderlei 
(9)

 

reported that at first, lactate returns to baseline values, allowing sympathetic-vagal reorganization and subsequently, 

vagal activity is restored. 

The differences among the reported studies can be a result of the exercise (treadmill and cycle ergometer) and 

post-exercise recovery type and duration (i.e. 5, 10 and 15 min), population and aerobic fitness level, which in turn, 

cause changes in cardiac autonomic modulation after exercise, being difficult to generalize these results. 

There is a clinical implication in HR post-exercise monitoring once it is useful to detect previous 

cardiovascular function alterations, such as arrhythmias and post-exercise parasympathetic activity reduction
43

, being 

able to prevent cardiovascular risks in young untrained women. 
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Given that, HR after passive recovery was similar to active recovery in the higher aerobic fitness group. It is 

reasonable to assume that young women with moderate peak oxygen consumption values, as the women evaluated in 

this study (higher aerobic fitness group) could use passive recovery after physical exercise aiming to diminish the time 

spent in an exercise session and consequently could be an alternative to improve the adherence to physically active 

lifestyle
44

. On the other hand, our findings are suggestive that the active recovery must be recommended to lower 

aerobic fitness people to accelerate the HR recovery, and promote a better cardiac autonomic control and post-exercise 

cardio-protector effect
29

. Additionally, changing the lifestyle is recommended, focusing on aerobic fitness increase. 

In this study, the menstrual cycle of the participants was not monitored, what constitutes one of the limitations, 

as well as the lack of menstrual cycle regularity control, hormonal levels and post-exercise recovery lactate evaluation. 

However, previous study, there were no significant differences in the HR reduction and in women’s cardiac autonomic 

control in the luteal and follicular phase of the menstrual cycle
21

. The blood pressure post-exercise is not measured, so 

we cannot assess to the possibility of hypotension and/or syncope symptom in passive recovery. However, Soares, 

Oliveira
11

 did not find any difference in blood pressure responses after aerobic exercise after passive or active recovery 

in active men. 

In summary, the HR recovery after maximum exercise in untrained young women was influenced by aerobic 

fitness, mainly after passive recovery. Besides that, the active recovery presented benefits in HR reduction in lower 

aerobic fitness group. Future researches involving clinical populations should be addressed to observe whether 

responses are similar. 
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