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ABSTRACT 
International Journal of Exercise Science 17(3): 1361-1376, 2024. The blood pressure dipping response 
to acute resistance training exercise (RTE) is scarce in the literature. We determined the inter-individual blood 
pressure (BP) dipping variability of normotensive (NT) and hypertensive (HT) men completing two modalities of 
a single session of RTE. Volunteers (NT n = 21, HT n = 20) underwent a non-exercise control (CTRL), RTE high-sets 
low-repetitions (HSLR), and RTE high-repetitions low-sets (HRLS) conditions. Twenty-four-hour ambulatory BP 
monitoring recorded diurnal and nocturnal systolic (SBP) and diastolic (DBP) BP. Non-significant interactions were 
found between the category of individuals and the experimental conditions on the SBP (p = 0.511, η²ₚ = 0.02) and 
DBP (p = 0.807, η²ₚ = 0.01) differences. Diurnal SBP (p = 0.0001) and DBP (p ≤ 0.0001) were lower in the NT than in 
the HT groups. Nocturnal SBP (p ≤ 0.0001) and DBP (p = 0.014) were lower in the NT than in the HT groups. The 
percentage of dipping responders for SBP in the CTRL condition were 71.4% for NT and 70.0% for HT, in the HRLS 
condition were 66.7% for NT and 60.0% for HT, and in the HSLR condition were 57.1% for NT and 60.0% for HT. 
The dipping responders for DBP in the CTRL condition were 57.1% for NT and 60.0% for HT, in the HRLS condition 
were 61.9% for NT and 70.0% for HT, and in the HSLR condition were 71.4% for NT and 65.0% for HT (p > 0.05 for 
all). In conclusion, the dipping response was similar between NT and HT individuals. The proportion of responders 
was similar between NT and HT individuals completing acute RTE. 
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INTRODUCTION 
 
Elevated systolic (SBP) and diastolic (DBP) blood pressure are well-known risk factors for 
developing cardiovascular, metabolic, and cognitive diseases. Besides the typical 
pharmacological method used for hypertension (HT) control, other effective strategies to 
prevent the development of and to control HT include lifestyle modification, health education, 
low-sodium and high-potassium salt, breathing-control, diet management, exercise training, 
and their combination (1). Countries such as the United States and Costa Rica show high HT 
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treatment and control rates; furthermore, Costa Rica outperforms most high-income nations in 
pharmacologically treating and controlling individuals with HT (27, 38, 49).  
 
Exercise is an effective strategy to prevent the development of and to clinically control HT (12). 
Current evidence from a network meta-analysis suggests that several exercise modalities 
improve resting blood pressure values (e.g., isometric exercise, combined training, dynamic 
resistance training, aerobic exercise training, and high-intensity interval training) (18). The 
different exercise modalities elicit a gradual reduction in blood pressure in the minutes and 
hours following training. The dipping and post-exercise hypotension concepts are two different 
phenomena, although both refer to the decrease in blood pressure values. Dipping is a natural, 
non-exercise-induced decrease in blood pressure values of approximately 10–20% during sleep 
compared to daytime blood pressure values while the person is awake. It is an essential 
phenomenon since if it does not occur, it is considered a cardiovascular risk factor (1, 19). On 
the other hand, post-exercise hypotension or hypotensive effect of exercise is a transient 
decrease in blood pressure resulting from an exercise session (26). 
 
Different acute and chronic exercise paradigms have shown positive hypotensive effects. For 
instance, regular aerobic exercise training elicited reductions in 24-h ambulatory blood pressure 
monitoring (ABPM) ranging from −1.6 to −9.2 mmHg for SBP and −0.6 to −5.4 mmHg for DBP 
(39). Furthermore, beneficial reductions in night time have been also reported for SBP (−1.0 to 
−8.4 mmHg) and DBP (−0.9 to −5.3 mmHg) following aerobic interval training (39). The 
beneficial changes have been reported for acute and chronic (≥ 8 weeks) aerobic exercise 
programs (8). For instance, acute aerobic, resistance and concurrent exercise reduced SBP (−6.22 
mmHg, −3.36 mmHg, and −7.33 mmHg, respectively) and DBP (−3.80 mmHg, −2.73 mmHg, 
and −2.93 mmHg, respectively) regardless of gender, initial blood pressure, and physical 
activity level (10). 
 
Little attention has been given to changes in blood pressure at night resulting from exercise 
performed during day time, with currently registered prospective protocols lasting 12 months 
(24). In normotensive and controlled hypertensive individuals, the reduction in nocturnal blood 
pressure (i.e., dipping), both SBP and DBP reaches values of approximately 10–20% than those 
values recorded during day time (i.e., dipping individuals) (42). Dipping values < 10% might be 
considered abnormal (i.e., non-dipper individual) and are associated to organ damage, 
increased mortality, heart failure, stroke, and sudden death (42, 45). 
 
Previously classified non-dipping older adults who completed 6 months of aerobic exercise 
improved their blood pressure dipping response from baseline (ΔSBP = −3.08 mmHg; ΔDBP = 
−2.67 mmHg) (5). African-American men and women also improved their SBP (3.6%) dipping 
response following 6 months of aerobic exercise; however, no significant change was observed 
in the DBP (2.8%) dipping response. In coronary heart disease patients, the SBP and DBP 
dipping (11.1% and 14.1%) resulting from an exercise intervention was superior to the usual care 
and stress management (41). 
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Early evidence from Baum, Rüther and Essfeld (3), demonstrated that intermittent muscle 
relaxation during resistance training exercise (RTE) reduced the blood pressure increase 
response observed during exercise. Given this finding, questions arose about whether 
performing RTE with intermittent pauses and decreasing the increase in blood pressure 
immediately after the RTE session affects the hypotensive response (i.e., dipping). To answer 
this question and, based on the literature on progression models in resistance training (2, 14, 37), 
a comparison was proposed between two RTE protocols with multijoint exercise, an exercise 
prescription aimed at muscle strengthening in individuals without previous experience 
performing this exercise modality. In this context, positive dipping responses have been 
reported from aerobic exercise interventions; however, the 24-h blood pressure in response to 
an acute bout of RTE varies between individuals and has received little attention in the dipping 
response (28, 40). Therefore, the purpose of the study was to determine the inter-individual 
blood pressure dipping variability of normotensive (NT) and hypertensive (HT) men to a single 
session of RTE. Our hypothesis was that HT men would show a higher SBP and DBP dipping 
response to the acute RTE session than NT men. A secondary hypothesis was that both RTE 
regimens would elicit similar dipping responses in all the individuals. 
 
METHODS 
 
An experimental study was designed, where in a randomized order the participants performed 
three experimental conditions (described in detail later): 1) Control (CTRL) session, 2) high-
repetitions and low-sets (HRLS), and 3) high-sets and low-repetitions (HSLR). 
 
Participants 
Evidence is available showing that men present higher resting BP compared to women, 
specifically in a population with characteristics similar to those included in the present study 
(11). Thus, a priori sample size using an effect size of 2 mmHg in SBP, β = 0.85, and α = 0.05 
showed that 20 individuals were needed. We determined the minimum difference representing 
significant clinical changes based on evidence that analyzes the implications of the INTERSALT 
study (43), showing that a decrease in 2 mmHg in SBP reduces mortality due to stroke by 6% 
and 4% due to coronary heart disease. Volunteers were allowed to participate if they met the 
following inclusion criteria: a) males, b) adults ≥ 18 yr., c) sedentary (not exercising for at least 
30-min, three times per week in the previous three months) (2) and d) able to complete RTE. 
Volunteers were excluded from participating in the study if their resting SBP ≥ 160 mmHg 
and/or DBP ≥ 100 mmHg, and if they were taking antihypertensive medications in the four 
weeks preceding the study. Volunteers (n = 41) meeting the inclusion criteria were screened and 
classified by a physician as either NT (n = 21; age = 19.7 ± 2.3 yr., weight = 72.5 ± 17.3 kg, height 
= 171.0 ± 5.0 cm) or HT (n = 20; age = 21.7 ± 4.6 yr., weight = 78.1 ± 11.0 kg, height = 174.0 ± 5.0 
cm) based on adult guidelines (15, 17). The classification considered a clinical history and a 24-
h ambulatory blood pressure monitoring (ABPM) of the individuals before any experimental 
sessions were carried out. According to the guidelines mentioned above and considering the 
values obtained through ABPM, individuals classified as hypertensive were those who 
maintained ambulatory SBP values in the waking period ≥ 135 mmHg, in the sleeping period ≥ 
120 mmHg, and in the 24-hour average ≥ 130 mmHg and/or, DBP values in the waking period 
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≥ 85 mmHg, in the sleeping period ≥ 70 mmHg and a 24-hour DBP ≥ 80 mmHg. The group of 
normotensive participants were those with SBP and DBP values lower than those previously 
mentioned. The study was approved by the University of Costa Rica’s Scientific Ethics 
Committee and all volunteers were informed of the benefits and risks of the investigation prior 
to signing an institutionally approved informed consent document to participate in the study. 
In addition, this research was carried out fully in accordance to the ethical standards of the 
International Journal of Exercise Science (30). 
 
Volunteers were 41 males; for the NT group (n = 21) the demographic characteristics were 
age = 19.7 ± 2.3 yr., weight = 72.5 ± 17.3 kg, height = 171.0 ± 5.0 cm, SBP = 114.4 ± 10.1 mmHg, 
and DBP = 69.8 ± 8.8 mmHg. For the HT group (n = 20), demographic characteristics were 
age = 21.7 ± 4.6 yr., weight = 78.1 ± 11.0 kg, height = 174.0 ± 5.0 cm, SBP = 133.9 ± 11.9 mmHg, 
and DBP = 80.0 ± 10.5 mmHg. Blood pressure descriptive statistics, TEM and threshold for 
change for NT and HT individuals completing three experimental sessions is presented in 
Table 1. 
 
Protocol 
Prior to the experiment, the individuals completed eight sessions separated seven days from 
each other. During the first session, anthropometric measures were recorded and resting ECG. 
Anthropometric values were recorded for body weight (Tanita sale model HD-313, Arlington 
Heights, IL) and body height (stadiometer Novel Products Inc., Rockton, IL). A Polar HR 
monitor model FT7 (Polar Electro Oy, Kempele, Finland) recorded heart rate (HR). The resting 
ECG recordings were assessed by a physician who cleared participants to perform the RT 
experimental sessions. The familiarization process was completed from the 2nd to the 4th session 
and consisted of completing three sets of 10 repetitions in each of the 10 exercises that would be 
performed later in the experimental sessions using machine/machine pulley equipment: a) knee 
extension, b) neutral grip row, c) knee flexion, d) incline bench press on a machine, e) leg press, 
f) hip flexion, g) hip adduction, h) elbow flexion with machine pulley, i) hip abductor, and j) 
elbow extension with machine pulley. A 2:2 tempo was used during RT exercises (i.e., 2 beats in 
the concentric phase by 2 beats in the eccentric phase). The intensity was set between two and 
three on the OMNI-RES perceived exertion scale (23). In session five, participants completed the 
one-maximum repetition test (1-RM) in each of the 10 exercises mentioned before. 
 
For the experimental study, the participants performed the conditions under a repeated 
measures design with randomized order (i.e., the order in which each subject executed the 
conditions was assigned randomly). In addition, each participant executed the corresponding 
session in the morning at the same hour. The CTRL session consisted of sitting still for 55 min, 
a similar time the participants used to complete the sessions where they performed RTE. In the 
HRLS session the participants performed 3 sets of 10 repetitions with a 2:2 tempo at 60% 1-RM, 
with a rest of 60-s between sets and exercises in each of the 10 RTE. The HSLR session consisted 
of performing 10 sets of 3 repetitions with a 2:2 tempo at 60% 1-RM, with 13-s rest between sets 
and 60-s rest between exercises in each of the 10 exercises. The exercise sessions were preceded 
by a warm-up where participants pedaled 5-min on a stationary bike at 50% of the HR reserve 
(2) The formula reported by Tanaka, Monahan and Seals (44) for sedentary males was used to 



Int J Exerc Sci 17(3): 1361-1376, 2024 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
1365 

obtain the maximum HR necessary to calculate the HR reserve. The participants were instructed 
to refrain from any exercise or physical activity before these sessions and to avoid alcohol 
consumption; they were not instructed to avoid caffeine consumption to avoid a caffeine 
withdrawal effect. Participants were encouraged to maintain their daily life activities; however, 
if they were to consume coffee, they were instructed to drink the exact amount at the same time 
the day before each session. We tried to control possible effects by using a repeated measures 
research design in which each participant was in their own control. In addition, during the 
experimental sessions, the participants were required to avoid ingesting beverages or food and 
when the sessions that included exercise were completed, they were asked to avoid the Valsalva 
maneuver. 
 
Measurements of SBP and DBP were recorded by a Spacelabs ABPM monitor model 90217 
(Spacelabs, Snoqualmie, WA). To determine whether the participants were able to maintain 
values < 160/100 mmHg and could complete the exercise session, the BP was assessed after 5-
min of sitting rest before each session that included physical exertion (i.e., sessions 2 to 8). The 
24-h ABPM was recorded following a standardized protocol (15) to quantify diurnal and 
nocturnal (i.e., dipping) SBP and DBP responses. During a 24 h period, blood pressure was 
recorded starting from the first minute of the post-experimental session (i.e., CTRL and RTE 
sessions). Measurements were recorded every 30 min during daytime and every 60 min at night 
to ensure participant comfort. Quality control included only ABPM data reaching at least 70% 
successful readings. The protocol is summarized in Figure 1. 
 

 
Figure 1. Overview of the study protocol involving hypertensive (HT) and normotensive (NT) men. For the acute 
intervention, the experimental conditions in session six were randomly assigned to participants. Experimental 
conditions were a non-exercise control, resistance training performed at high-sets low-repetitions (HSLR), and at 
high-repetitions low-sets (HRLS). The 24-hour ambulatory blood pressure monitoring (ABPM) commenced 
immediately following the corresponding experimental condition.
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Table 1. Blood pressure (mmHg) descriptive statistics for normotensive and hypertensive individuals completing three experimental sessions (n = 41). 

 
Non-exercise Control 

Resistance Training Exercise Groups 
High-Repetitions and Low-Sets High-Sets and Low-Repetitions 

Diurnal Nocturnal TEM Threshold Diurnal Nocturnal TEM Threshold Diurnal Nocturnal TEM Threshold 
NT             
SBP 117.7 ± 6.9 106.5 ± 7.5 3.6 7.1 117.1 ± 7.1 105.2 ± 7.7 4.5 8.8 117.4 ± 6.9 107.9 ± 8.8 3.5 6.8 
DBP 71.1 ± 6.7 60.9 ± 5.8 3.5 6.9 70.1 ± 7.0 59.6 ± 6.5 3.8 7.4 70.3 ± 5.9 60.9 ± 6.4 3.1 6.0 
HT             
SBP 133.9 ± 8.2 120.7 ± 9.5 6.0 11.9 130.5 ± 8.8 118.6 ± 10.0 5.1 10.0 131.6 ± 9.0 119.1 ± 9.5 4.8 9.5 
DBP 78.9 ± 7.8 66.5 ± 9.4 4.7 9.3 77.2 ± 8.0 65.9 ± 9.4 4.8 9.5 77.1 ± 8.4 65.9 ± 7.8 4.0 7.9 

TEM = technical error of measurement; NT = Normotensives; HT = hypertensives; SBP = systolic blood pressure; DBP = diastolic blood pressure. 
 
Statistical Analysis 
Statistical analyses were performed using the IBM SPSS version 26 (Armonk, NY). Descriptive statistics are presented as 
the mean and standard deviation (M ± SD). Mixed factorial 2 x 3 (Category of participants by Experimental conditions) 
analysis of variance were computed for the SBP and DBP difference (i.e., diurnal minus nocturnal BP). Partial eta-squared 
(η²ₚ) reported effect sizes. Inter-individual responses to the experimental conditions were studied by partitioning the 
random change (i.e., technical and/or biological error) and the systematic change (i.e., exercise intervention). For the 
random change, the typical error of measurement (TEM) was computed as the standard deviation of the sum of the 
observed differences (SDdiff) between awake and sleep blood pressure measurements within each individual divided by the 
square root of two (i.e., TEM = SDdiff/√2). Since for normally distributed data, 95% of the observations fall within 1.96 SD 
of the mean, the threshold values for responders and non-responders to the intervention (i.e., systematic change) were 
computed as 1.96 x TEM. Thus, participants at or below the specific thresholds were considered responders, else, non-
responders. In addition, NT and HT individuals were also classified as “non-dippers” or “dippers” based on the 10% 
decrease compared with the daytime BP reported in the literature (31). Thus, if the dipping response reached 10% from 
daytime values, the individuals were considered “dippers”; otherwise, they were “non-dippers.” The categorizations of 
“dippers” and “non-dippers” and “responders” and “non-responders” obey to different approaches. The 10% threshold is 
a subjective figure based on literature and findings from clinical practice. In contrast, the threshold based on TEM is a 
statistical approach that quantifies the two components of change; the random change (i.e., change produced by TEM and 
the biological variability of the individuals) and the systematic change (i.e., change caused by exercise) (22). Non-parametric 
Chi-squared tests were used to study the proportion of responder and non-responder NT and HT individuals, and Yates 
correction was used when cells had less than four observations. For all analyses, the statistical significance was set a priori 
at p ≤ 0.05.
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RESULTS 
 
Inferential analysis showed non-significant interactions between the category of individuals and 
the experimental conditions on the SBP (p = 0.511, η²ₚ = 0.02) and DBP (p = 0.807, η²ₚ = 0.01) 
differences (i.e., dipping) (Figure 2). Overall, the diurnal SBP was lower in the NT than in the 
HT groups (M = 117.4 ± 6.4 vs. 132.0 ± 8.2 mmHg, p ≤ 0.0001, η²ₚ = 0.51). The diurnal DBP was 
lower in the NT than in the HT groups (M = 70.5 ± 6.2 vs. 77.7 ± 7.7 mmHg, p = 0.0001, η²ₚ = 0.22). 
The nocturnal SBP was lower in the NT than in the HT groups (M = 106.6 ± 7.2 vs. 119.5 ± 8.3 
mmHg, p ≤ 0.0001, η²ₚ = 0.42). The nocturnal DBP was lower in the NT than in the HT groups 
(M = 60.4 ± 5.7 vs. 66.1 ± 8.2 mmHg, p = 0.014, η²ₚ = 0.14).  
 
In Table 2, participants were classified as non-dippers or dippers based on the 10% decrease 
compared with the daytime BP. For SBP, the non-parametric χ2 test showed similar proportions 
of dippers and non-dippers in the CTRL (χ2 = 0.03, p = 0.867), HRLS (χ2 = 1.17, p = 0.279), and 
HSLR (χ2 = 1.9, p = 0.162) experimental conditions. For DBP, the χ2 test showed similar 
proportions of dippers and non-dippers in the CTRL (χ2 = 0.37, p = 0.541), HRLS (χ2 = 0.08, 
p = 0.783), and HSLR (χ2 = 0.07, p = 0.796) experimental conditions. 
 
The nocturnal blood pressure (i.e., dipping) individual response for the NT and HT participants 
based on the TEM and the threshold for improvement is shown in Table 3 and Figure 3 and 4. 
For SBP, the χ2 test showed similar proportions in the CTRL (χ2 = 0.20, p = 0.655), HRLS (χ2 = 0.20, 
p = 0.658), and HSLR (χ2 = 0.03, p = 0.853) experimental conditions. For DBP, the χ2 test showed 
similar proportions in the CTRL (χ2 = 0.27, p = 0.606), HRLS (χ2 = 0.41, p = 0.523), and HSLR 
(χ2 = 0.01, p = 0.920) experimental conditions. 
 
Table 2. Classification of the nocturnal blood pressure (i.e., dipping) response based on a 10% decrease (31) 
compared with the daytime BP values in normotensive and hypertensive individuals completing three 
experimental conditions (n = 41). 
   Normotensives (n = 21) Difference 

(%) 
Hypertensives (n = 20) Difference 

(%) Condition   Non-Dippers (%) Dippers (%) Non-Dippers (%) Dippers (%) 
Control SBP 48 52 −4 45 55 −10 
 DBP 29 71 −42 20 80 −60 
HRLS SBP 67 33 34 50 50 0 
 DBP 24 76 −52 20 80 −60 
HSLR SBP 67 33 34 45 55 −10 
 DBP 29 71 −42 30 70 −40 

SBP = systolic blood pressure; DBP = diastolic blood pressure; HRLS = high-repetitions and low-sets; HSLR = high-
sets and low-repetitions. 
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Figure 2. Differences in systolic and diastolic blood pressure (mmHg) in normotensive and hypertensive men 
completing a non-exercise control (CTRL), high-repetitions low-sets (HRLS), and high-sets low-repetitions (HSLR) 
acute resistance training conditions. 
 
Table 3. Nocturnal blood pressure (i.e., dipping) inter-individual response for normotensive and hypertensive 
individuals completing two modalities of a single session of resistance training exercise (n = 41). 

Variable 
Responders 

Difference (%) 
Non-responders Difference 

(%) NT (%) HT (%) NT (%) HT (%) 
Systolic blood pressure       
   Control 71 70 1 29 30 −1 
   HRLS 67 60 7 33 40 −7 
   HSLR 57 60 −3 43 40 3 
Diastolic blood pressure       
   Control 57 60 −3 43 40 3 
   HRLS 62 70 −8 38 30 8 
   HSLR 71 65 6 29 35 −6 

NT = normotensive; HT = hypertensives; HRLS = high-repetitions and low-sets; HSLR = high-sets low-repetitions.  
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Figure 3. Inter-individual differences in systolic blood pressure (mmHg) in normotensive and hypertensive men 
completing three experimental conditions. The experimental condition’s y-axis mmHg is set at the specific 
calculated threshold. Values below the threshold are considered responders, else, non-responders. 
 
 
 
 



Int J Exerc Sci 17(3): 1361-1376, 2024 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
1370 

 

 
 
Figure 4. Inter-individual differences in diastolic blood pressure (mmHg) in normotensive and hypertensive men 
completing three experimental conditions. The experimental condition’s y-axis mmHg is set at the specific 
calculated threshold. Values below the threshold are considered responders, else, non-responders. 
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DISCUSSION 
 
The aim of the study was to determine the inter-individual blood pressure dipping response of 
NT and HT individuals completing two modalities of a single session of RTE. We hypothesized 
that HT individuals would show a higher SBP and DBP dipping response to the acute RTE 
sessions than NT individuals. Our secondary hypothesis was that the RTE regimens would elicit 
similar dipping responses in all the individuals. The main finding was that NT and HT 
individuals showed similar SBP and DBP dipping responses to the RTE sessions. We also found 
that the three experimental sessions elicited similar dipping responses in all the individuals, 
regardless of their category (Figure 2). Furthermore, the proportion of dipping responders and 
non-responders were similar between RTE modalities; yet, for DBP, there were more HT 
responders than NT individuals completing a single session of HRLS RTE. For SBP, a larger 
proportion of NT responders was found compared to HT responders when performing the 
HRLS experimental condition; yet, the proportion of individuals did not reach statistical 
significance. In addition, during the CTRL session, there were more NT and HT dipping 
responders for SBP compared to the exercise sessions; however, there were fewer NT dipping 
responders for DBP in the CTRL session than in the exercise session. Again, the proportion of 
individuals did not reach statistical significance.  
 
The lack of nocturnal blood pressure reduction (i.e., dipping) beyond a specific threshold has 
been associated with increased cardiovascular disease risk factors (32). Little evidence exists 
regarding the use of acute RTE to study the dipping response in NT and HT individuals. 
Furthermore, the individual response to acute RTE as related to dipping is missing in the 
literature. A consistent body of evidence supports chronic aerobic exercise performed at 
different intensities and modalities for daytime and nocturnal BP control (7, 9, 13, 25, 36, 46). For 
instance, aerobic exercise performed over four months showed positive reductions in BP 
dipping in medicated HT individuals (36). The chronic combination of aerobic and RTE also 
shows reductions in the dipping response in HT individuals (7). Indeed, in medicated HT older 
adults, 12 weeks of RTE elicited a greater dipping than interval aerobic training or a control 
condition (4). There is also, meta-analytical evidence supporting beneficial acute exercise for BP 
control (10). Also, correlational evidence suggests that fitness levels are positively associated to 
the dipping response in individuals older than 55 yr. (21, 47, 48).  
 
Scarce experimental research is available regarding the effects of a single session (i.e., acute) of 
aerobic, RTE or their combination on the nocturnal BP response (28, 29, 40). For instance, type II 
diabetic hypertensive patients completed between 8:30 a.m. and 9:00 a.m., one single session of 
moderate-intensity aerobic exercise, maximal-intensity aerobic exercise, or a non-exercise 
control condition (29). The 24 h ABPM assessment showed a greater dipping following the 
maximal-intensity exercise condition compared to the non-exercise control (29). In a similar 
design, a single session of RTE was compared in the dipping response to aerobic exercise (i.e., 
20-min of cycling at 90% lactate threshold) and a control condition in 10 adults with type II 
diabetes (28). Between 8:00 a.m. and 9:00 a.m., the participants performed three sets of a circuit 
of six exercises (i.e., leg extensions, bench press, leg press, seated pulley, leg curls, rowing 
machine) with eight repetitions (1-s in the concentric phase, 1-s in the eccentric phase) at 70% 1-
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RM, 40 s recovery, and 1 min between sets. The main finding of the study was that compared 
with pre-exercise values, there was DBP dipping response only following the RTE (28). The only 
study where different RTE variations were used included HT older adults, where two RTE 
protocols and a non-exercise control condition were compared (40). Thus, following four 
sessions of RTE familiarization, the participants performed one set of 20 repetitions for 20-min 
of 10 RTE (i.e., leg press, bench press, biceps curl, knee extension in an extensor chair, lat pull 
down, triceps extension in pulley, peck deck, knee flexion in a flexor chair, seated row, dumbbell 
lateral shoulder raise), or two sets of 40-min of the same 10 exercises listed before. Therefore, the 
RTE intensity was held constant at 40% 1-RM and the total volume was different. Both RTE 
protocols elicited a greater SBP and DBP dipping response compared to the non-exercise control. 
In addition, the RTE protocol with higher volume produced a higher DBP dipping response 
than the lower volume RTE protocol (40). A shortcoming of all the previous studies is that the 
reporting of the individual responses (i.e., responders vs. non-responders) to the exercise 
protocols is missing; therefore, the true effect of the reported exercise interventions (i.e., the 
effect of the exercise intervention considering the TEM and the group responses) on the 
individual dipping response to exercise is unknown. 
 
In the present experimental study, we report that the proportion of responders to the acute 
HRLS RTE session for SBP was higher for NT than for HT individuals; for both groups, 
responders to the exercise intervention reached ≥ 60%; yet, this finding lacks of statistical 
significance. However, we also unexpectedly found ~70% non-exercise control SBP dipping 
responders (Table 3); again, this proportion did not reach statistical significance. The dipping 
response is common in most of the population (42). However, in the present study's repeated 
measures design, we anticipated that the proportion of dippers would be lower in the control 
condition compared to the exercise condition, considering the known hypotensive effect of 
exercise. Nevertheless, the observed proportion could have occurred by chance, or because there 
was no noticeable immediate effect on the nighttime blood pressure response beyond what is 
normally expected for most individuals. In addition, although the non-parametric tests showed 
non-significant proportions, the lowest proportion of SBP non-responders was found in the NT 
control individuals and the highest proportion of non-responders in the NT HSLR RTE session. 
For DBP, the lowest proportion of non-responders was found in the NT HSLR RTE session 
individuals and the highest proportion of non-responders in the NT control individuals. Again, 
we unexpectedly found ~58% non-exercise control SBP dipping responders (Table 2). Baum et 
al.’s previous work (3) allowed us to design the present study based on the premise that 
performing RTE with intermittent pauses would affect the dipping response; yet, our results 
highlight the need for further studies with different RTE prescriptions to find a more 
appropriate exercise protocol and doses for eliciting a beneficial dipping response in HT 
individuals. We also suggest to developing a methodological study quality evaluation checklist 
aimed at studying the dipping response to RTE protocols, both, acute and chronic. Such 
guidelines are currently available for aerobic exercise protocols (16). 
 
The potential mechanisms explaining the dipping response to acute RTE are beyond the scope 
of this study; yet these range from regulatory genes (34, 35) and sleep (6) to circadian variations 
in the BP response (20, 33). For instance, the dipping response was studied in 20 pre-HT 
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individuals who completed a graded exercise test to exhaustion followed by 30-min aerobic 
exercise at 65% heart rate peak at 7:00 a.m., 1:00 p.m., and 7:00 p.m. (20). The exercise session 
performed at 7:00 a.m. elicited greater SBP dipping response than 1:00 p.m. or 7:00 p.m., and the 
greater DBP dipping response was found for the protocol performed at 7:00 p.m. However, 
performing a single bout of exercise between 5:00 to 7:00 p.m. has shown greater SBP dipping 
response than exercising between 6:00 to 8:00 a.m. in individuals characterized as non-dippers 
compared to dippers (33). Thus, additional research must be summarized by systematic reviews 
and meta-analysis to detect stable patterns. In the present study, all participants performed the 
RTE sessions between 7:00 a.m. and 9:00 a.m., which reduced the variability attributed to 
circadian variations. 
 
The present study has strengths and limitations. The research design was strong where the 
participants completed the three experimental conditions (i.e., full-repeated measures design). 
We also computed a priori sample size deemed large enough to detect changes in SBP. In 
addition, the parametric and non-parametric statistical analyses allowed us to show not only 
group but also individual responses, the latter been neglected in most, if not all, similar studies. 
We also used ABPM instruments, which allow for a more valid 24-h BP assessment. One of the 
limitations was to power the study using SBP as the main outcome, when DBP is less likely to 
change as a result of an exercise stimulus. Thus, we should have used DBP as our main outcome 
to power the study. Finally, in this study we only included men; therefore, our findings cannot 
be extrapolated to women. 
 
Acute RTE elicited similar SBP dipping responses in NT and HT individuals. The proportion of 
NT and HT responders and non-responders was similar following three experimental 
conditions. Future studies are warranted regarding the efficacy of acute RTE for enhancing the 
dipping response. 
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