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Abstract
Purpose The present study aimed to investigate the effect of intermittent pneumatic compression (IPC) and active recovery 
on heart rate recovery (HRR), heart rate variability (HRV), blood pressure (BP) and rate of perceived exertion (RPE) after 
sub-maximal aerobic exercise in collegiate soccer players.
Methods Fifteen male collegiate soccer players aged between 18 and 25 years were recruited in this cross-over study design 
with two groups (IPC and Active recovery group). Subjects were performed with an incremental treadmill test at sub-maximal 
intensity followed by 15 min of recovery methods (IPC or active recovery). After sub-maximal exercise testing, heart rate 
recovery at the first minute (HRR1) and second minute (HRR2) were observed. Heart rate, HRV, BP and RPE measures 
were taken before the exercise and 25 min of post-sub-maximal exercise.
Results HRR1 and HRR2 showed a significant difference between IPC and active recovery (p < 0.001). Time-domain and 
frequency-domain measures of HRV showed only significant time effect (p ≤ 0.04), whereas group effect and time × group 
interaction were found to be non-significant. There was a significant time effect (p = 0.04), group effect (p = 0.003) and 
time × group interaction (p = 0.01) for systolic BP, while diastolic BP only showed a significant time effect (p = 0.02). There 
was a significant time effect (p < 0.001) and time × group interaction (p = 0.001) for RPE.
Conclusion IPC is a better recovery tool in terms of HRR, BP and RPE than active recovery while no such difference was 
found in the time- and frequency-domain measures of HRV.
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Introduction

Soccer is one of the most popular sports in the world. Soc-
cer intermittent activity bouts, pertaining its dependence on 
both aerobic and anaerobic systems. Although the activities 
of the aerobic nature dominate soccer, certain acts during the 
match take place under the influence of an anaerobic system 

[1]. The mixed metabolic contribution of the aerobic and 
anaerobic systems influences the autonomic nervous system 
(ANS) over cardiovascular components. The cardiovascu-
lar system is controlled by autonomic regulation through 
sympathetic and parasympathetic pathways of the ANS. 
Cardiovascular fitness is an essential part of high aerobic 
fitness and better cardiovascular fitness reflects enhanced 
parasympathetic activation and lesser sympathetic outflow 
to the heart [2, 3].

To quantify parasympathetic reactivation and sympathetic 
outflow after exercise, indices such as heart rate recovery 
(HRR) and heart rate variability (HRV) have been used [4, 
5]. HRR is the decline in heart rate upon completing exercise 
[6]. After moderate or heavy exercise, the decline in heart rate 
follows an exponential decay pattern. Heart rate decreases rap-
idly at the beginning of the recovery and gradually declines as 
the recovery period continues and returns towards the resting 
value [7]. Nevertheless, parasympathetic reactivation is the 
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primary mechanism underlying exponential decay in heart 
rate after exercise [8, 9]. Furthermore, HRV is the beat-to-beat 
alteration in heart rate, primarily due to fluctuating influences 
of the ANS. HRV is used as a monitoring tool in athletic train-
ing programs to avoid over-training [10].

Post-exercise autonomic recovery after exhaustive exer-
cise is essential for optimal performance in sports. One effi-
cient mechanism of recovery enhancement is augmented 
venous return and arterial blood flow, which can be achieved 
by intermittent pneumatic compression (IPC) therapy [11]. 
Within the athletic population, IPC is used to enhance local-
ized muscle recovery [12]; its anti-inflammatory and muscle 
recovery mechanisms had application in the treatment of 
delayed onset of muscle soreness [13] and are efficient in 
removing blood lactate [13, 14]. One study shows that the 
IPC is an effective tool in changing the HRR and frequency-
domain measures of HRV after short-term sub-maximal 
exercise compared with passive recovery [15]. While, on 
the other side, active recovery (continued low-intensity work 
during recovery after strenuous exercise bouts) reduces 
blood lactate levels and increases exercise performance after 
exercise bouts compared with passive recovery [16–18]. A 
study finds that active recovery does not affect the autonomic 
and hemodynamic response after moderate-intensity aerobic 
exercise compared with passive recovery [19].

Hanson et al. reported that IPC and active recovery are 
equally efficient tools for reducing blood lactate after Win-
gate testing [20]. O'Connor et al. find that the active recovery 
is better than the NormaTec IPC device and passive recovery 
after 15 min of post-Tabata workout on a cycle ergometer 
[21]. Studies have been done comparing the effectiveness 
of IPC, active recovery and passive recovery in terms of 
blood lactate. However, to the best of our knowledge, there 
is a paucity of literature regarding IPC and active recovery 
comparison on HRR, HRV and BP.

Therefore, the purpose of the present study is to investi-
gate the effect of IPC and active recovery on HRR, HRV, BP 
and RPE after incremental treadmill sub-maximal aerobic 
exercise in collegiate soccer players.

Methods

Participants

Fifteen male collegiate soccer players between age 18 and 
25 years, BMI 18.5–24.9 kg/m2, who indulged in physi-
cal training for the last three months (4–5 days/week) and 
who participated in the university-level competition were 
recruited from M. A. K. Pataudi Sports Complex, Jamia Mil-
lia Islamia, New Delhi, India. Those with history or pres-
ence of respiratory or cardiac pathology, taking medications 
known to alter the cardiac response to exercise or recovery, 

family history of myocardial infarction or sudden death, 
history or presence of diabetes mellitus or hypertension, 
musculoskeletal dysfunction, smokers and alcoholics were 
excluded [22]. Participants were self-reported good health 
and underwent a general physical examination to examine 
any cardiorespiratory and locomotor system ailments. Par-
ticipants gave their written informed consent to participate in 
the study after explaining its nature, purpose, and procedure. 
All doubts raised from the participants were cleared regard-
ing the procedure. The height and weight of the participants 
were measured by a digital weighing machine and stadiom-
eter, respectively. BMI was calculated.

Study design

Randomized cross-over experimental design (AB and 
BA) with two groups (IPC recovery and active recovery) 
was used for the study (Fig. 1). The randomized treatment 
sequence was generated in advance by a computer-generated 
random number in a block of 2. Participants were randomly 
allocated to either of the group order (AB or BA), minimum 
of seven days were given as washout phase between dif-
ferent applications of recovery methods. Ethical approval 
was obtained from the Institutional Ethics Committee, 
Jamia Millia Islamia, New Delhi, India, by giving details 
of research and consent required for the study. The study 
was conducted as per the Helsinki Declaration, 1964. A 
researcher who was not part of assessing outcome measures 
did Enrolment and assignment into the treatment sequence.

Procedure

Participants were asked to visit the human performance lab-
oratory 48 h before actual testing for familiarization with 
treadmill running if required. Measurements were taken in a 
quiet room, at a temperature of 24 and 30 ℃ and at the same 
time (between 10:00 am to 1:00 pm) to nullify any diurnal 
variations. The participants were instructed to abstain from 
caffeine consumption on the day of testing. Before the day of 
the experiment, participants were instructed not to perform 
any strenuous exercise and have appropriate night rest.

Single participant's session included assessment at rest, 
followed by incremental treadmill running test at sub-max-
imal, followed by application of recovery modes (IPC ther-
apy or active recovery) for 15 min and further assessment 
in supine lying (Fig. 2).

On the day of testing, participants were allowed to lie down 
supine for 10 min or more to attain relaxation. Average heart 
rate, HRV, BP and RPE were recorded in supine. Average heart 
rate was assessed as the mean heart rate of the 5 min digital 
ECG signals recording. The participants then performed an 
incremental treadmill running test at sub-maximal target heart 
rate. Participants were asked to initiate treadmill running at 
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a speed of 10 km/hr for one minute with no inclination or 
gradient, and then speed was increased 0.5 km/hr every 30 s 
until participants achieved their target heart rate. Target heart 
rate was calculated using Karvonen method, THR = {(HRmax 
– RHR) × 80–85% Intensity} + RHR, where maximal heart 
rate, HRmax = 206.9 – 0.69 × age (years) and RHR is resting 
heart rate [23]. The testing procedure was also stopped if the 
participant experienced adverse signs or symptoms, requested 
to stop, or experienced an emergency. Heart rate response was 
monitored during the running test. RPE was assessed at the 
time when the participant achieved THR. Upon cessation of 
exercise, the participants undergo either of the interventional 
recovery modes (Intermittent pneumatic compression or active 
recovery) for 15 min. Simultaneous to application of interven-
tional recovery modes, HRR was calculated (Fig. 2).

After applying any recovery modes, average heart rate, 
BP, and RPE were assessed (Fig. 2). Also, the participant's 
post-recovery electrocardiographic readings were recorded 
for 10 min in supine. For analysis of HRV, the last 5 min 
from the 10 min of electrocardiographic recording was used.

Interventions

Intermittent pneumatic compression

Participants were asked to return to the supine lying posi-
tion within 5 s. Each participant received IPC therapy for 
15 min. Minimum time was used to apply the IPC device to 
the participants. The Air Compression System (DS MAREF, 
MK 400) was used for the IPC, which consisted of two cuffs 

Fig. 1  Flow chart of study 
protocol. IPC Intermittent pneu-
matic compression

Invite to participate 
(n=17) 

A: Submaximal treadmill exercise 
followed by IPC recovery  

Did not meet eligibility criteria 
(n=6)

Statistical 

Male Collegiate players 
(N=23) 

Agreed to participate 
(n=15)

Decline to participate 
(n=2)

Randomized treatment sequence 
(IPC/Active recovery)

n=8 

n=8 

B: Submaximal treadmill exercise 
followed by Active recovery 

n=7 

n=7 

Washout for  
7 days   

A: Submaximal treadmill 
exercise followed by IPC recovery 

n=7 n=8 
B: Submaximal treadmill exercise 

followed by Active recovery 

n=7 n=8 

Session 1 

Session 2 
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worn on both legs and covered the foot, shank and thigh. 
The pressure was set at 80 mmHg, and squeezing mode was 
selected, in which all selected air chambers inflate sequen-
tially from foot to thigh and then deflate at the same time. 
Two compression cycles per minute were used, and each 
cycle was divided into 2 phases: 20 s of inflation followed by 
a deflation period of 10 s. Thus, during the 15-min recovery 
period, 30 compression cycles were given. Then participants 
were asked to remain supine for 10 min. Each participant 
was instructed to avoid the talk and movement of body or 
body parts.

Active recovery

After sub-maximal aerobic exercise, the subjects were asked 
to walk on the treadmill for 15 min at a 5 km/hr speed with 
zero percent inclination. Then, participants were asked to 
return to supine lying and remain supine for 10 min. Par-
ticipants were instructed to avoid the talk and movement of 
body or body parts during lying positions.

Outcome measures

Heart rate recovery

Heart rate was observed using a heart rate monitor (Polar 
Electro, RS 400, Kempele, Finland) with a chest belt. HRR 
measures the rate of heart rate decline during the first few 
minutes after cessation of the treadmill test. Target heart rate 
and heart rate were recorded at first  and second minutes of 
the recovery period. HRR1 was calculated as the absolute 
difference between target heart rate and the heart rate at the 
first minute, and HRR2 was calculated as the absolute dif-
ference between target heart rate and the heart rate at the 
second minute after cessation of exercise.

Heart rate variability

Instrumentation and data acquisition The skin was wiped 
with an alcohol swab to reduce impedance. Surface elec-
trodes were placed on the participants' limbs (standard lead 

II). Digital electrocardiographic signals (Powerlab 8/30 
Data Acquisition System with LabchartPro, AD Instru-
ment, Australia) were recorded for 10 min. Digital ECG was 
recorded at the sampling rate of 1000 Hz, bandpass filtered 
between 0.3 and 100 Hz. Subjects were asked to breathe at 
15 breaths per minute (using a metronome) [24]. Partici-
pants were instructed to close their eyes and avoid any con-
versation. After recording, all the data were stored and ana-
lyzed offline. HRV analysis was carried out on the last 5 min 
from the 10  min of the electrocardiographic record. For 
HRV analysis, the threshold for R-waves was set at 0.5 mV. 
All R–R intervals were visually and automatically observed 
through the "beat classifier" function to exclude undesirable 
or ectopic beats (premature, supraventricular and ventricu-
lar). The estimations of signals containing ectopic beats are 
made by process of detrending. The detrending value is con-
sidered as standard value for correction methods. Total valid 
number of beats used for analysis of time and frequency 
domain of HRV is 460 ± 202 and 426 ± 118 at baseline, 
whereas 497 ± 179 and 519 ± 136 after intervention for IPC 
and active recovery group, respectively.

The time-domain variables of HRV were derived by 
detection of R-waves: mean RR normal-to-normal intervals 
(RRNN), the standard deviation of normal-to-normal inter-
vals (SDNN), and the root mean square of successive differ-
ences (RMSSD) were obtained. Fast Fourier Transformation 
derived Frequency-domain measures of HRV: low-frequency 
normalized unit (LF nu; 0.04–0.15 Hz) and high-frequency 
normalized unit (HF nu; 0.15–0.4 Hz) spectral power [25]. 
The LF nu and HF nu ratio (LF nu/HF nu) was also calcu-
lated [25]. Short-term time-domain and frequency-domain 
HRV recordings were reproducible and reliable [26–29].

Blood pressure

Systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were recorded using a digital sphygmomanometer 
(Omron Blood Pressure HEM-8712-IN, Omron Healthcare, 
Japan).

RESTING 
PHASE (10 min)

EXERCISE 
PHASE 

IPC or Active recovery (15 min) Supine lying (10 min) 
Incremental treadmill 

running

HRV (5 min) HRR1 
HRR2

HRV (5 min) 

Supine lying (10 min) 

RECOVERY PHASE (25 min)

THR, RPE HR, BP and RPE HR, BP and RPE

Fig. 2  Schematic representation of experimental procedure (Adapted 
from Khan et  al. [15]). IPC Intermittent pneumatic compression; 
HRV heart rate variability; HR Heart rate; BP blood pressure; THR 

target heart rate; RPE rate of perceived exertion; HRR1 heart rate 
recovery at first-minute; HRR2 heart rate recovery at second-minute
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Rate of perceived exertion

RPE was taken by Borg scale 6/20. The Borg category scale 
is designed to describe perceptions of physical exertion dur-
ing a wide range of exercise modes [30]. The scale consists 
of numbered categories, 6–20, and verbal cues, from "very, 
very light" to "very, very hard." During the last minute of the 
assigned phase, participants were asked how hard they felt.

Statistical analysis

Sample size calculation

The number of subjects was determined through G*Power 
3.1.9.4, using the changes in the LF nu using IPC during 
recovery with supine body position after short term incre-
mental treadmill running test from the study done by Khan 
et al. [15]. A total of 15 subjects (including 10% dropouts) 
were shown to be necessary based on the effect size of 0.89, 
an alpha level of 0.05, and power of 0.85.

Data analysis

SPSS version 21.0 was used for the data analysis. The nor-
mal distribution of data was tested by the Shapiro–Wilk 
test. Independent t test was used to analyze the difference 
between the groups for baseline values HRV, resting heart 
rate, target heart rate, average heart rate and HRR. 2 × 2 
repeated-measure ANOVA was used for average heart rate, 

systolic and diastolic blood pressure, time- and frequency-
domain measures of HRV to determine main effect (time 
effect and group effect) and time × group interaction. 3 × 2 
repeated-measure ANOVA was used for RPE to determine 
the main effect (time and group effects) and time × group 
interaction. When the time or group effect was significant, 
the Bonferroni test was used for a post hoc analysis to locate 
the points having a significant difference. The significance 
level for statistical tests was set at p ≤ 0.05 with a confidence 
interval of 95%.

Results

The demographic characteristics of 15 collegiate players are 
as follows: Age 21.4 ± 2.44 years, height 167.26 ± 6.08 cm, 
weight 59.32 ± 6.55 kg and BMI 21.26 ± 2.44 kg/m2. The 
baseline measures show no significance between groups for 
resting heart rate, average heart rate, target heart rate, time-
domain and frequency-domain measures of HRV, SBP, DBP 
and RPE (Table 1).

2 × 2 ANOVA revealed that there was significant time 
effect (F(1,28) = 61.61, p < 0.001), whereas group effect 
(F(1,28) = 0.007, p = 0.93) and time × group interaction 
(F(1,28) = 3.39, p = 0.07) was found to be non-significant 
for average heart rate (Table 2). HRR1 (p < 0.001) and 
HRR2 (p < 0.001) showed a significant difference between 
the groups (Fig. 3).

Table 1  Baseline comparison 
of outcome variables of the 
participants between the two 
groups

HRV Heart rate variability, RRNN mean RR normal-to-normal interval, SDNN standard deviation of nor-
mal-to-normal intervals, RMSSD root mean square of successive differences, LF nu low-frequency nor-
malized unit, HF nu high-frequency normalized unit, LF nu/HF nu low-frequency normalized unit/high-
frequency normalized unit ratio

Outcome variables IPC group (n = 15) Active group (n = 15) Independ-
ent t test 
(p value)

Resting heart rate (bpm) 71.2 ± 10.2 71.33 ± 8.01 0.96
Average heart rate (bpm) 76.8 ± 10.7 75.18 ± 7.48 0.63
Target heart rate (bpm) 173.93 ± 1.9 173.86 ± 1.88 0.92
Time-domain measures of HRV
 RRNN (ms) 795.37 ± 110.2 800.99 ± 81.8 0.87
 SDNN (ms) 41.35 ± 16.95 49.85 ± 16.17 0.17
 RMSSD (ms) 30.52 ± 15.71 37.11 ± 15.41 0.25

Frequency-domain measures of HRV
 LF nu 54.29 ± 10.5 56.43 ± 13.87 0.63
 HF nu 36.33 ± 12.83 34.95 ± 13.08 0.77
 LF nu/HF nu 1.79 ± 0.99 1.91 ± 0.92 0.74

Blood pressure
 Systolic blood pressure (mmHg) 119.4 ± 7.9 123.2 ± 8.17 0.21
 Diastolic blood pressure (mmHg) 70 ± 6.91 68.46 ± 5.75 0.51

Rate of perceived exertion 6.06 ± 0.25 6.13 ± 0.35 0.55
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Measures of HRV showed significant time effect 
for RRNN (F(1,28) = 50.84, p < 0.001), MeanNN 
(F(1,28) = 5.37, p = 0.028), RMSSD (F(1,28) = 9.39, 
p = 0.005), LF nu (F(1,28) = 4.38, p = 0.045), HF nu 
(F(1,28) = 8.25, p = 0.008) and LF nu/HF nu (F(1,28) = 7.07, 
p = 0.013). Whereas, no significant group effect and 
time × group interaction was found for all time-domain and 
frequency-domain measures of HRV (Table 2).

2 × 2 ANOVA revealed that there was significant 
time effect (F(1,28) = 4.59, p = 0.04), group effect 
(F(1,28) = 10.3, p = 0.003) and time × group interaction 

(F(1,28) = 7.75, p = 0.01) for SBP. DBP showed only sig-
nificant time effect (F(1,28) = 5.48, p = 0.02), whereas 
group effect (F(1,28) = 0.44, p = 0.51) and time × group 
interaction (F(1,28) = 0.04, p = 0.83) was found to be non-
significant (Table 2).

3X2 ANOVA revealed that there was significant time 
effect (F(1,28) = 396.19, p < 0.001) and time × group inter-
action (F(1,28) = 10.15, p = 0.001) whereas group effect 
(F(1,28) = 2.56, p = 0.12) was found to be non-significant 
for RPE score (Fig. 4).

Table 2  Measures of heart rate, HRV and BP before (pre-exercise) and after (post-exercise) sub-maximal treadmill test between the two groups

Avg. HR Average heart rate, HRV Heart rate variability, RRNN mean RR normal-to-normal interval, SDNN standard deviation of normal-to-nor-
mal intervals, RMSSD root mean square of successive differences. LF nu low-frequency normalized unit, HF nu high-frequency normalized unit, 
LF nu/HF nu low-frequency normalized unit/high-frequency normalized unit ratio, SBP systolic blood pressure, DBP Diastolic blood pressure, 
*significant difference

Outcome variables IPC group (n = 15) Active group (n = 15) Time effect Group effect T × G effect

Pre-exercise Post-exercise Pre-exercise Post-exercise ɳp
2 (p value) ɳp

2 (p value) ɳp
2 (p value)

Avg. HR (bpm) 76.8 ± 10.7 82.94 ± 8.35 75.18 ± 7.48 85.09 ± 7.89 0.68 (< 0.001)* 0.001 (0.93) 0.11 (0.07)
Time-domain measures of HRV
 RRNN (ms) 795.37 ± 110.21 730.52 ± 77.1 800.99 ± 81.8 714.12 ± 72.57 0.64 (< 0.001)* 0.001 (0.85) 0.03 (0.31)
 SDNN (ms) 41.35 ± 16.95 37.64 ± 14.25 49.85 ± 16.17 36.8 ± 14.98 0.16 (0.02)* 0.02 (0.39) 0.05 (0.2)
 RMSSD (ms) 30.52 ± 15.71 25.91 ± 15.75 37.11 ± 15.41 21.34 ± 13.31 0.25 (0.005)* 0.002 (0.82) 0.09 (0.1)

Frequency-domain measures of HRV
 LF nu 54.29 ± 10.5 62.09 ± 11.39 56.43 ± 13.87 62.96 ± 12.32 0.13 (0.04)* 0.01 (0.59) 0.001 (0.85)
 HF nu 36.33 ± 12.83 28.08 ± 10.15 34.95 ± 13.08 27.71 ± 10.36 0.22 (0.008)* 0.003 (0.79) 0.001 (0.85)
 LF nu/HF nu 1.79 ± 0.99 2.62 ± 1.32 1.91 ± 0.92 2.74 ± 1.51 0.21 (0.01)* 0.005 (0.71) 0.001 (0.99)

Blood pressure
 SBP (mmHg) 119.4 ± 7.9 118.53 ± 6.56 123.2 ± 8.17 129.86 ± 6.99 0.14 (0.04)* 0.26 (0.003)* 0.21 (0.01)*
 DBP (mmHg) 70 ± 6.91 72.06 ± 5.59 68.46 ± 5.75 70.93 ± 5.94 0.16 (0.02)* 0.01 (0.51) 0.002 (0.83)

Fig. 3  Heart rate recovery at 
first minute (HRR1) and second 
minute (HRR2) between the two 
groups. *: significant difference 
between groups
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Discussion

The present study evaluates the effect of IPC and active 
recovery on HRR, HRV, BP and RPE after short-term sub-
maximal treadmill exercise.

After moderate exercise, the HRR is characterized 
by two phases, an initial exponential drop and a gradual 
decline to resting level [31]. Similarly, we found that heart 
rate recovers faster during the initial stage of recovery 
after exercise, as heart rate drops in 1st minute are greater 
than heart rate drops in 2nd minute in both the interven-
tional groups. IPC showed a rapid decrease in the HRR1 
(61 mean bpm in IPC Vs 25 mean bpm in active group) 
and HRR2 (76 mean bpm in IPC Vs 38 mean bpm in active 
group) when compared with active recovery (Fig. 3). After 
cessation of exercise, HR fall caused a sudden rise in the 
vagal stimulation due to loss of central command [32]. 
In the IPC group, the subjects are allowed to lie, while in 
the active group, they were still walking on the treadmill, 
leading to excitation of the higher central command during 
active recovery. IPC application enhances vagal restora-
tion by increasing venous return and cardiac output, by 
the effect of reflex mechanism (e.g., arterial baroreflexes, 
cardiopulmonary baroreflexes) [33, 34] and decrease effer-
ent sympathetic activity [35].

On the other hand, due to upright position during active 
recovery, the blood volume towards the central body is 
affected due to gravitational force. The slower HR decay 
might maintain the sympathetic outflow evoked by the 
arterial baroreceptors' response to prevent rapid fall in the 
blood pressure and syncope [36, 37]. Our study found high 

systolic blood pressure in the active group compared to the 
IPC group during the recovery phase.

Our study found RRNN (reflects vagal and sympathetic 
outflow), SDNN (reflects overall HRV) and RMSSD (reflects 
vagal stimulation) changing similarly for both the groups. 
However, the mean percentage change of SDNN (8.92% in 
IPC and 26.17% in active recovery) and RMSSD (15.10% in 
IPC and 42.49% in active recovery) was the higher restora-
tion in the IPC group when compared with the active group 
(lesser change means higher restoration) (Fig. 5). On the 
other hand, frequency-domain HRV such as LF nu (reflects 
mainly sympathetic outflow), HF nu (reflects parasympa-
thetic activity), and LF nu/HF nu (reflects sympatho-vagal 
balance) showed that the application of the IPC and active 
recovery similarly restore cardiac autonomic function indi-
cating restoration of vagal stimulation and lesser sympa-
thetic outflow. However, the LF nu/HF nu is on a higher level 
that means there is still a dominance of the sympathetic flow 
over vagal stimulation.

The baroreceptors are one primary reason for the auto-
nomic nerve activity change and are evident during post-
exercise recovery [34]. IPC and active recovery decrease 
venous pooling and enhance venous return, elucidated para-
sympathetic cardiac tone by affecting the carotid sinus and 
aortic arch baroreceptor system, decreasing efferent sympa-
thetic outflow [35, 38, 39]. Also, activating unmyelinated 
vagal efferent fibers inhibits sympathetic activity due to the 
vasopressin and renin release [40, 41]. Barak et al. showed 
that the elevation of limbs increases central venous flow dur-
ing recovery and decreases sympathetic outflow during post-
exercise recovery [4]. The other reason is that metabolites 
like blood lactate or sympathetic transmitters accumulate 
and activate metaboreceptors [32], increasing sympathetic 

Fig. 4  RPE across the groups 
before exercise, at end of 
sub-maximal exercise and 
after recovery intervention. *: 
significant difference between 
the groups.
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dominance during exercise. Elimination of these waste prod-
ucts decreases afferent signals from muscle metaboreceptors 
results in a decrease in the sympathetic outflow [33]. Pre-
vious studies showed that the IPC and active recovery are 
effective tools for reducing blood lactate, decreasing fatigue, 
and enhancing performance compared with passive recov-
ery [12, 14, 17, 42, 43]. Hanson et al. found no difference 
in reducing blood lactate between IPC and active recovery 
[20]. Whereas O'conner et al. found no difference in reduc-
ing blood lactate up to 10 min after IPC and active recovery, 
but after 15 min, the active group is better in removing the 
blood lactate levels [21].

The present study shows that the SBP and DBP both 
came close to baseline level after using IPC. In contrast, 
only such findings came in DBP for the active group and 
provided interventions following exercise to adjust arterial 
blood pressure through reflex mechanisms (arterial barore-
flex and cardiopulmonary baroreflex). Also, IPC is a more 
effective mode in bringing post-exercise SBP to resting level 
when compared to active recovery. The IPC reduced total 
peripheral resistance by increasing stroke volume without 
a rise in the HR, as Bickel et al. explained [39]. They also 
found the reduction of SBP with change in the DBP after 
IPC application [39]. The other reason might be the upright 
position in the active group and the late presence of central 
command mechanisms, which cause a drop in cardiac output 
and BP via increased sympathetic outflow [44, 45]. Barak 
et al. reported higher sympathetic outflow and lesser vagal 
activation in the upright posture than supine lying [4].

IPC also showed a significant reduction in the RPE after 
sub-maximal exercise than active recovery. RPE is con-
sidered a conscious rating of effort, an indicator of central 
fatigue [46]. Previous studies reported that the active recov-
ery effectively reduces RPE compared with the controls after 

anaerobic exercise [17, 43]. One important mechanism of 
central fatigue is glycogen depletion [47, 48] which the IPC 
reduces through increasing cerebral blood flow. Thus, IPC 
is a much beneficial tool in reducing central fatigue than 
active recovery.

To the best of our knowledge, the present study is the first 
to examine the effect of IPC and active recovery on HRR and 
HRV. A comparison presented in our study provides that we 
can use the IPC recovery or active recovery methods after 
the training or soccer matches. It gives guidelines for these 
two recovery methods concerning the given outcome meas-
ures. The initial phase of HRR is slow with active recovery, 
but after 25 min of recovery, no difference was found in 
HRV. That gives a clue that lactate elimination might be 
important after moderate-intensity exercise for athletes than 
the decline in the heart rate. Both the interventions cannot 
bring the heart rate or measures of HRV or BP to the resting 
level after 25 min. It might be that the subjects included in 
the study are not highly trained; therefore, the cardiovascular 
adaptation (baroreceptor mechanism) of the subjects present 
in our study was characterized by the slow recovery of para-
sympathetic balance after the exercise [49].

There are some limitations in the study, given that a small 
size would be one of them. The other limitation could be 
the room temperature because exercising at 24–30 °C might 
influence the values of HRV. Therefore, future studies with 
highly trained participants are necessary to evaluate and 
compare the effects of IPC and active recovery. Although 
we have tried to minimize confounding factors related to the 
subject's psychology, laboratory setup, and ECG recordings, 
these factors need to be appropriately addressed depending 
on the feasibility. In the future perspective, IPC and active 
recovery should be tested with other recovery tools like neu-
romuscular electrical stimulation or cold-water immersion 

Fig. 5  Relative changes of 
time- and frequency-domain 
HRV parameters .RRNN mean 
RR normal to normal interval; 
SDNN standard deviation of 
normal-to-normal intervals; 
RMSSD root mean square of 
successive differences; LF nu 
low frequency normalized unit; 
HF nuhigh frequency normal-
ized unit; LF nu/HF nu low 
frequency normalized unit/high 
frequency normalized unit ratio
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technique. Also, IPC and active recovery could be tested 
for other criterion measures like blood lactate after high-
intensity aerobic or anaerobic exercise.

Conclusion

In conclusion, the results of our study state that the IPC is 
a better recovery tool in terms of HRR, BP and RPE than 
active recovery, while no such difference was found in HRV 
measures (time and frequency domain) between the two 
recovery methods in collegiate soccer players.
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tary material available at https:// doi. org/ 10. 1007/ s11332- 022- 00906-3.
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