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ABSTRACT

International Journal of Exercise Science 12(2): 714-725, 2019. Heart rate recovery (HRR) and blood
pressure recovery (BPR) from exercise are both important indicators of health and fitness and are strongly
associated with cardiovascular disease. The purpose of this study was to compare the effects of a slow-breathing
technique, upright passive recovery (PASS), and active recovery (ACT) on HRR and BPR from exercise. Nine
moderately trained, college-aged (20.22 + 0.97 yrs) female participants cycled three times on an ergometer for 15
mins at 70% of their heart rate maximum (HRmax), each of which was followed by one of three 5 min recovery
interventions with heart rate (HR) and blood pressure (BP) objectively measured. Each participant completed all
three recovery protocols. One recovery protocol consisted of breathing at a rate of 6 breaths per minute (BRE),
another involved PASS and the third was ACT at 60 RPM and 25 W. A repeated measures ANOVA revealed there
was a significant effect of protocol (p = 0.00, 7,2 = 0.67) with HRR. BRE resulted in the fastest HRR of 69 + 9.31 bpm
(40.12%) at the end of the 5 min recovery compared to 63 + 10.60 bpm (36.57%) and 47 + 12.54 bpm (27.34%) for
PASS and ACT, respectively. A second repeated measures ANOVA indicated there was no effect of protocol (P =
0.43), nor was there a significant interaction with time (p = 0.68), for BPR. The results indicated that BRE increased
HRR after exercise more rapidly than PASS or ACT with no influence on BPR. These findings lead to future research
needed to explore different breathing protocols following exercise in at-risk populations, such as individuals with
cardiovascular disease.
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INTRODUCTION

Endurance exercise induces several systemic challenges that require elevations in the pumping
activity of the heart and arterial blood pressure (BP). The autonomic nervous system (ANS),
comprised of the sympathetic nervous system (SNS) and parasympathetic nervous system
(PNS) (7, 35), influences cardiovascular function by controlling the force of contraction of the
heart, heart rate (HR), and blood vessel constriction (15). More precisely, the SNS stimulation
increases HR, contractile force and vasoconstriction, while the PNS stimulation induces opposite
effects (7) to conserve and restore energy (15). During exercise, HR initially increases by way of
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a reduction in PNS stimulation (27, 34, 44) up to approximately 30 to 50 beats per minute (bpm)
(15), and then increases up to maximum HR (HRmax) via increased SNS stimulation (42, 36, 38,
44, 45, 46). Conversely, BP increases during exercise primarily by SNS stimulation and
secondarily by way of the renin-angiotensin system through its vasoconstriction properties (33).

Once HR and systolic BP have been increased during a bout of exercise, they will remain in an
elevated state several minutes after a bout of exercise has concluded (16). This post-exercise
elevated state is due to elevated SNS and adrenal activity (30), body temperature (34) and the
need to restore both phosphocreatine (PC) and oxygen levels in muscle (9, 32). HRR from
exercise has become an important biomarker of the health of the cardiovascular system and, in
particular, PNS control of the heart (5) due to its easy, noninvasive approach. HRR occurs
primarily by way of PNS reactivation (18, 31) through the loss of central command (29), and
secondarily by reduction in SNS (28, 31) at the cessation of exercise. The rapid stimulation of
PNS is thought to be caused by the removal of inhibitory motor cortex signals to the PNS (31).
Akyuz, Alpsoy, Akkoyun, Degirmenci, & Guler (2014) found that a normal HRR in 1 min
(HRR1) throughout passive recovery was > 21 bpm following exercise at 85% HRmax (1),
whereas other investigators (10, 11, 24, 25) observed HRR1 values of > 12 bpm during active
recovery on a treadmill following exercise at 80-100% HR reserve as normal. An abnormal HRR,
which is defined as HRR1 < 21 bpm at passive recovery (1), is due to insufficient PNS stimulation
and is strongly associated with coronary artery disease, pre-hypertension, hypertension, and all-
cause mortality (1, 4, 6). Furthermore, cardiac PNS activity declines with age, resulting in a
slower HRR, but there is evidence that the decline can be attenuated with regular exercise (15).

Turning to the control of BP, this cardiovascular parameter is proportional to blood flow and
resistance, as is described by Poiseuille’s Law (40). During exercise, systolic BP is increased, in
part, by enhancing cardiac output (CO) and to meet the demands of the active muscles (37).
Systolic BP typically increases by 10 + 2 mmHg per metabolic equivalent (MET) increase while
diastolic BP slightly increases or does not change at all during aerobic activity (2). Systolic BP
generally returns to resting values within 5 to 6 minutes of recovery following low- to moderate-
intensity exercise and declines in a stepwise fashion during passive recovery (3, 14).

BP recovery (BPR) is another important indicator of autonomic cardiovascular control with
delayed BPR values linked to cardiovascular diseases and all-cause mortality (17, 21, 24, 26, 41).
A normal BPR in the first minute of recovery (BPR1) has been found to be an average of ~ 36
mmHg in young men (18-35 yo) during passive recovery after a VOamax cycle ergometer test
with BP measured by an electronic sphygmomanometer within the first min of passive recovery
and every 2 min afterwards until pre-exercise BP values were achieved (12). Subsequently, a
separate study by Dimkpa & Ugwu (2010) observed mean BPR1 values of approximately 20
mmHg in males (18-66 yo) and 7 mmHg in females (18-65 yo) during passive recovery after
cycling at 80% of age-predicted HRmax (13). Although the age range in the study above is wide,
this is one of few studies that examined BPR in females. In a recent study, Soares et al. (2017)
examined the effect active recovery on a cycle ergometer (30-35% VO2max) had on BPR and found
that there was no significant difference in BPR between active recovery and passive recovery
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after 30 minutes of moderate-intensity (60-70% VOzmax) aerobic exercise on a cycle ergometer
(42).

Both HRR and BPR may be influenced by breathing depth and rate as HR is known to increase
during inspiration as vagal activity (PNS) is blocked in the brain stem while PNS stimulation is
restored during expiration leading to a decrease in HR (15). Nevertheless, few studies have
observed HRR and BPR using a deep breathing relaxation technique in an attempt to enhance
the reactivation of cardiac PNS stimulation during recovery, thus increasing HRR and BPR (19,
43). For example, Jones, Sangthong, Pachirat, & Jones (2015) aimed to determine the effects slow
breathing has on BP (19). Results indicated that a slow breathing protocol reduced resting
systolic BP by 10 mmHg. The investigators also found that the strategy reduced the systolic BP
response to a sustained 2-minute isometric handgrip contraction by an average of 12 mmHg.
Whereas Sugimoto (2015) used a recovery protocol of 6 BrPM for 10 minutes and found evidence
that the technique did accelerate the reactivation of the PNS immediately after exercise at 50%
VO2peak, but no differences were reported compared to spontaneous breathing during recovery

(43).

In summary, there is some indication that slow breathing techniques may enhance HRR and
BPR following endurance exercise, but the evidence is limited and requires further investigation
(19, 43). Due to the differences in recovery values for females compared to males (13) and lack
of female research within this area, there is a need to further explore the effects of recovery
modes on HR and BP in females. Therefore, the purpose of this study was to determine the
effectiveness of a slow-breathing technique on HRR and BPR within a healthy female population
during a recovery period following aerobic exercise on a cycle ergometer compared to more
commonly used active and upright passive recovery strategies. It is hypothesized that slow
breathing at 6 breaths per minute will result in an increased HRR and BPR.

METHODS

Participants

Nine college-aged, moderately active females were recruited through the use of flyers and word-
of-mouth for this study. Eligibility criteria included being a female between the ages of 18 and
35 years, not on any medication that would have an effect on HR or any other cardiovascular
functioning (i.e. beta blockers), not a current smokers, and being moderately active. Moderately
active was defined as having exercised at moderate intensity at least 150 minutes per week for
the past 3 months as per American College of Sports Medicine criteria (2). Prior to participation
in this study, participants signed an informed consent waiver and completed a Physical Activity
Readiness Questionnaire health questionnaire (PAR-Q+). The PAR-Q+ was used to determine
ineligibility if any medical issues were known to the participants. Participants were questioned
on their physical activity participation to meet minimum activity requirements for this study.
Mean age, height and mass were 20.2 + 1.0 years, 167.2 £ 6.1 cm and 68.9 + 11.9 kg, respectively.
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Protocol

Participants were asked not to eat within 2 hours, nor consume caffeine within 6 hours, of each
testing session, and they were instructed not to participate in vigorous physical activity 24 hours
before each session. Each participant was fitted with a Polar Team 2 HR monitor (Polar Electro
Oy, Professorintie 5, Kempele, Finland) and resting HR (HRrest) was measured to establish a
baseline and determine 70% of the individual’s HRmax using the Karvonen formula (%HRreserve
= [220 - age - HRrest] x % + HRrest) (20). Each participant then exercised on an electronically
braked cycle ergometer (Monark 939 E, Monark Exercise AB, Vansbro, Dalarna) at a cadence of
70 revolutions per minute (RPM), with increasing workload every two minutes until 70% of
their predicted HRmax was achieved.

On three subsequent occasions with a minimum of 48 hours apart, participants returned to the
lab to conduct the aerobic exercise and three recovery protocols in a randomized order. During
each of these testing sessions, participants were first fitted with a Finometer PRO system finger
BP cuff (Finapres, Medical Systems, Amsterdam, The Netherlands) with their arm in a sling to
establish a more accurate reading for BP” and HR before the beginning of each exercise protocol.
The Finapres system is used for continuous valvular measurements of HR and BP in clinical
settings (22). HR and BP were recorded to establish a baseline for each participant 10 seconds
immediately prior to exercise, every 60 seconds throughout exercise, and during the recovery
periods.

Before each recovery intervention, the participants first performed a 5 min warm-up with a 25
W load and a cadence of 60 RPM, followed by cycling for 15 min at 70 RPM and maintained a
load that elicited a HR within 5 bpm of 70% of their predicted HRmax. This protocol was chosen
as to have a consistent cadence across all trials and participants at a comfortable pace for the
participants while also eliciting appropriate responses for HR and BP at the desired intensity
(70% HRmax) with differences in resistance based on individualized assessments. During each 15
minute exercise session, the Borg’s modified rate of perceived exertion (RPE) scale was used to
establish one’s exertion level (8) at the end of each minute. The first minute of recovery had HR
and BP measured every 20 seconds and then every 60 seconds each subsequent minute for a
total of 5 minutes of recovery during each visit. HRaverage Was established as the average of HR
recorded during the last 5 minutes of the exercise protocol for each exercise session. HRR was
established as the difference in HR post-exercise from HRaverage during exercise and was
measured each minute during the recovery period for a total of 5 minutes (HRR1, HRR2, HRR3,
HRR4, and HRRS5). BPaverage Was established as the average of BP recorded during the last 5
minutes of the exercise protocol for each exercise session. BPR was defined as the difference in
systolic BP post-exercise from systolic BPaverage during exercise and was measured every minute
during the recovery period for a total of 5 minutes (BPR1, BPR2, BPR3, HRR4, and HRRS).

All participants used the following three recovery protocols in a randomly assigned order. The
PASS protocol consisted of the participant sitting on the cycle ergometer with their feet propped
onto the bike comfortably and were instructed to breathe at a comfortable rate for 5 minutes.
The ACT protocol consisted of the participant pedaling at a cadence of 60 RPM with a load of
25 W for 5 min. The BRE protocol required the participant to sit on the cycle ergometer with
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their feet propped onto the bike comfortably, and they were instructed to breath at a rate of 6
BrPM for 5 min. A metronome was used to accurately count breaths with the participant. An
investigator also watched each participant’s chest rise and fall and she counted aloud the time
between breaths to ensure the participants maintained the proper rhythm was maintained. HRR
and BPR were measured throughout the 5 min PASS and BRE protocols, whereas values were
measured during a 5 min period in a rested upright position immediately after 5 min of cycling
at a reduced load for the ACT protocol.

Statistical Analysis

All data were analyzed using the Statistical Package for Social Sciences software (SPSS 23.0,
Chicago, IL) and reported as mean * standard deviation (SD). The effect of the three recovery
sessions (ACT vs. PASS vs. BRE) on HRR and BPR was determined using repeated measures
ANOVAs with a Greenhouse-Geisser correction due to violation of sphericity in both models.
Bonferroni’s post-hoc analyses were used to further distinguish significant differences. Effect
sizes were determined using partial eta squared. Statistical significance was set at p < 0.05.

RESULTS

HRR: The HRR scores associated with each recovery protocol are presented in Figure 1. HRR
values expressed over time are presented in Table 1. Results indicated significant main effect of
time [F(1.61, 12.91) = 110.63, p < 0.001, 7> = 0.93]. Post hoc tests revealed that HRR values
significantly increased at time points 20 sec, 40 sec, 1 min, and 2 min (p < 0.01), with no
significant differences at time points 3 min, 4 min, and 5 min (p > 0.05), as expressed in Table 2.

Table 1. Heart rate recovery values over time.

Time HRR20 HRR40 HRR1 HRR2 HRR3 HRR4 HRR5
Values 20.08 + 31.38 + 3841 + 4930 + 55.16 + 58.23 + 59.86+14.08
11.14 12.49 14.72 14.52 14.73 14.37

Data is expressed as mean + SD. Values expressed as beats per minute (bpm); HRR = heart rate recovery; HRR20 =
HRR at 20 seconds after exercise; HRR40 = HRR at 40 seconds after exercise; HRR1 = HRR at 1 minute after exercise;
HRR2 = HRR at 2 minutes after exercise; HRR3 = HRR at 3 minutes after exercise; HRR4 = HRR at 4 minutes after
exercise; HRR5 = HRR at 5 minutes after exercise.

Table 2. Effect of time on heart rate recovery.

Time HRR20 HRR40 HRR1 HRR2 HRR3 HRR4 HRR5
HRR20 <0.01* <0.01* <0.01* <0.01* <0.01* <0.01*
HRR40 <0.01* <0.01* <0.01* <0.01* <0.01* <0.01*
HRR1 <0.01* <0.01* <0.01* <0.01* <0.01* <0.01*
HRR2 <0.01* <0.01* <0.01* <0.01* <0.01* <0.01*
HRR3 <0.01* <0.01* <0.01* <0.01* 0.33 0.28
HRR4 <0.01* <0.01* <0.01* <0.01* 0.33 1.00
HRR5 <0.01* <0.01* <0.01* <0.01* 0.28 1.00

* = significant interaction; HRR = heart rate recovery; HRR20 = HRR at 20 seconds after exercise; HRR40 = HRR at
40 seconds after exercise; HRR1 = HRR at 1 minute after exercise; HRR2 = HRR at 2 minutes after exercise; HRR3 =
HRR at 3 minutes after exercise; HRR4 = HRR at 4 minutes after exercise; HRR5 = HRR at 5 minutes after exercise.
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Results also indicated a significant main effect of protocol [F(1.07,8.55) = 16.15, p = 0.003, 7> =
0.67]. BRE resulted in the highest HRR (54.91 + 2.67 bpm) compared to PASS (46.54 + 2.05 bpm)
and ACT (32.54 + 3.89 bpm). Post-hoc comparisons between protocols are as follows: p = 0.01 for
BRE vs. PASS, p = 0.01 for BRE vs. ACT, p = 0.02 for PASS vs. ACT. There was no significant
interaction between time and protocol for HRR values [F(12,96) = 1.56, p = 0.12].

—>»— BRE

—._ AACT

PASS

20sec. 40sec. 1min. 2Z2Zmin. 3min. 4min. 5 min.

Recovery Time

Figure 1. The effect of recovery protocol and time on heart rate recovery. Data is expressed as mean + SD. n=09;
Values expressed as beats per minute (bpm); HRR = heart rate recovery; PASS = passive recovery; ACT = active
recovery; BRE = breathing at 6 breaths per minute during recovery.

BPR: The BPR scores associated with each recovery protocol are presented in Figure 2. Results
indicated a significant main effect of time [F(2.45,19.59) = 21.95, p < 0.001, 7,2 = 0.73]. Table 3 lists
significant differences by time with BPR time points 3 min, 4 min, and 5 min being significantly
larger versus all other time points. No significant main effect of protocol was found [F(2,16) =
0.90, p = 0.43], nor was there an interaction between time and protocol [F(12,96) = 0.77, p = 0.68].
It is worth noting that the analyses for the main effect for protocol and the interaction effect were
constrained by low power (0.18 and 0.42, respectively).
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Figure 2. The effect of recovery protocol and time on systolic blood pressure recovery (BPR). Data is expressed as
mean *+ SD. n = 9; Values expressed as mmHg; BPR = systolic blood pressure recovery; PASS = passive recovery;
ACT = active recovery; BRE = breathing at 6 breaths per minute during recovery.

Table 3. The effect of time on blood pressure recovery.

Time BPR20 BPR40 BPR1 BPR2 BPR3 BPR4 BPR5
BPR20 1.00 0.35 0.06 0.01* <0.01* 0.01*
BPR40 1.00 1.00 0.11 0.01* <0.01* 0.04*
BPR1 0.35 1.00 0.12 0.03* <0.01* 0.05*
BPR2 0.06 0.11 0.12 0.02* 0.01* 1.00
BPR3 0.01* 0.01* 0.03* 0.02* 0.09 1.00
BPR4 <0.01* <0.01* <0.01* <0.01* 0.09 1.00
BPR5 0.01* 0.04* 0.05* 1.00 1.00 1.00

* = significant interaction; Values expressed as p-values; BPR = systolic blood pressure recovery; BPR20 = BPR at
20 seconds after exercise; BPR40 = BPR at 40 seconds after exercise; BPR1 = BPR at 1 minute after exercise; BPR2 =
BPR at 2 minutes after exercise; BPR3 = BPR at 3 minutes after exercise; BPR4 = BPR at 4 minutes after exercise;
BPR5 = BPR at 5 minutes after exercise.

DISCUSSION

The purpose of this study was to determine the effectiveness of a slow breathing recovery
protocol on HRR and BPR from exercise within a healthy female population compared to ACT
and PASS. It was hypothesized that using a slow breathing technique during the recovery
period would result in a faster HRR and BPR compared to ACT and PASS. Based on the results
in this study, a BRE recovery protocol did increase HRR, but it had no influence on BPR
compared to ACT recovery and PASS recovery. This is the first investigation to have
demonstrated that BRE recovery can enhance HRR compared to the more commonly used PASS
and ACT recovery strategies in women.
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Results in this study are consistent with previous studies in HRR response during the first
minute of recovery during passive and active recovery. In the current study, the mean HRR
during the first minute was 39 bpm during PASS recovery compared to > 21 bpm reported by
Akyuz et al. (2014) following aerobic exercise conducted at 85% of the participant’s age-
predicted HRmax (1). Furthermore, the mean HRR of 25 bpm following one minute of ACT in the
current study was comparable to the > 12 bpm values reported by previous studies following
maximal intensity exercise (10, 11, 23, 25). The relatively large HRR values observed in each
recovery protocol, compared to those established by previous researchers (1, 10, 11, 23, 25) were
likely due to the participants used herein were more fit and therefore resulted in faster ANS
recovery (48). More specifically, the faster HRR seen in this study, particularly that which was
observed with the BRE protocol, was likely primarily the result of faster reactivation of the PNS
and secondarily the deactivation of the SNS after exercise (39). The faster mean HRR observed
with BRE protocol compared to the ACT and PASS protocols may be explained by greater
enhancement of vagal inhibition of HR during the periods of prolonged expiration (15).
However, this finding differs from that of Sugimoto (2015), who did not observe any differences
in HRR following BRE and PASS recovery protocols (43). These inconsistencies may be due to
the participants in Sugimoto’s study (2015) exercised at a relatively low workrate (50% VOzmax).
The low workrate may not have effectively facilitated a recovery of sufficient magnitude to be
able to distinguish between recovery protocols.

BP results observed during aerobic exercise closely resembled those previously found in young
females that were reported by both Sharman & LaGerche (2015) and Wielemborek-Musial,
Szmigielska, Leszczynska, & Jegier (2016) (40, 47). While there were no significant differences in
BPR between the three recovery protocols, the values associated with each recovery protocol
did steadily decline back to baseline 5 min post-exercise, which is consistent with previous
studies (3, 14). To the best of our knowledge, only one study has examined BPR from aerobic
exercise in similar groups of females. Dimpka and Ugwu (2010) observed markedly lower BP
values during the first minute of recovery (7 + mmHg vs 29 + 11.26 mmHg in this study), and
yet there were no clear differences in the results pertaining to the latter stages of recovery (13).

The most significant limitation of this study, which may also help to explain both the lack of any
differences in BPR between the three recovery protocols was the small sample size. It is evident
from the very low statistical power values reported above that the small sample size severely
constrained the analysis of the BPR results. Another limitation to this study could be the lack of
familiarity with the breathing technique, as the participants were not accustomed to breathing
at a rate 6 breaths per minute regularly. Nevertheless, the investigators did ensure all
participants conformed to the breathing protocol during the BRE recovery protocol. A third
limitation is the generalizability of the results because the participants were all moderately
active, college-aged females. Future studies related to this topic should be performed in a
broader range of groups, including individuals suffering from high blood pressure, sedentary
individuals, and athletes looking to enhance their recovery for HR and BP following bouts of
exercise or in between bouts. One final limitation resulted from the use of the Finapres, which,
although it provides highly accurate continuous measurements of BP and HR, does require
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participants to restrict the movement of their non-dominant arm (i.e., the arm in which the data
are collected). To minimize measurement error, restriction was achieved in this study using an
arm sling that reduced movement in the non-dominant arm. Therefore, the participants were
able to use only one hand on the handle bars to maintain balance when they were riding the
cycle ergometer. This caused the participants to use a more upright position and produced more
swaying when they were cycling; nevertheless, all the participants had good body control
throughout the study, and none had a problem maintaining the required 70% HRmax workrate.

Strengths associated with this study include the counterbalanced, repeated-measures design of
the study and continuous measurement of the outcome variables. Each participant completed
all three recovery protocols expressed in this study (PASS, ACT, and BRE). The order in which
the recovery protocols were performed was randomly assigned to reduce the chance of an order
effect of the protocols. The use of the same participants for all three recovery protocols also
strengthens this study rather than including different participants for each recovery protocol.
The continuous measurement of the outcome variables strengthened this study due to a reduced
number of data points and sample size needed for analyses. Continuous measurements are also
high in sensitivity to the target data. It should also be noted that the current authors did not
control for the menstrual cycle as recent evidence has suggested the menstrual cycle does not
influence HR responses (49) and previous studies involving women and BP responses following
exercise did not control for the menstrual cycle (13).

In conclusion, this study found that a slow breathing recovery protocol (BRE) enhanced HRR
when compared to ACT and PASS. These findings may benefit recreational moderately-active
individuals looking to enhance recovery from exercise between bouts of moderate-to-high-
intensity exercise. Individuals with cardiovascular disease could also potentially benefit from
the results of this study by increasing their HRR and BPR after exercise and reduce the stress
placed upon the cardiovascular system. More research is needed to understand the
physiological changes associated with slow breathing recovery techniques. Future studies
should focus on comparing multiple slow breathing techniques (e.g., 6 BrPM, 7 BrPM, 8 BrPM,
etc.) during recovery and their effect on HRR and BPR following lower (e.g. 60% HRpeax) and
higher (e.g. 80% HRpeak) exercise intensities. Such studies may help further improve our
understanding of cardiovascular health and help establish better methods of recovery following
exercise.
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