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Abstract

Background: Studies have persuasively demonstrated that citrulline has a key role in the arginine-nitric oxide system, 
increasing nitric oxide bioavailability, an important mediator of peripheral vasodilation.

Objective: To analyze the inter-individual post-exercise hypotension responsiveness following acute citrulline 
supplementation in hypertensives.

Methods: Forty hypertensives were randomly assigned to one of the four experimental groups (control-placebo, 
control-citrulline, exercise-placebo, and exercise-citrulline). They ingested placebo or citrulline malate [CM] (6 grams). 
During the exercise session, individuals performed 40 minutes of walking/running on a treadmill at 60-70% of HR reserve. 
For the control session, the individuals remained seated at rest for 40 minutes. Office blood pressure (BP) was taken 
every 10 minutes until completing 60 minutes after the experimental session. The ambulatory BP device was programmed 
to take the readings every 20 minutes (awake time) and every 30 minutes (sleep time) over the course of 24 hours of 
monitoring. Statistical significance was defined as p < 0.05.

Results: Unlike the other experimental groups, there were no “non-responders” in the exercise/citrulline (EC) for 
“awake” (systolic and diastolic BP) and “24 hours” (diastolic BP). The effect sizes were more consistent in the EC for 
systolic and diastolic ambulatorial BP response. The effects were “large” (> 0.8) for “awake”, “asleep”, and “24 hours” 
only in the EC for diastolic BP.

Conclusion: CM supplementation can increase the post-exercise hypotensive effects in hypertensives. In addition, the 
prevalence of non-responders is lower when associated with aerobic exercise and CM supplementation. (Arq Bras 
Cardiol. 2019; 113(2):218-228)

Keywords: Exercise; Hypertension; Blood Pressure Monitoring Ambulatory; Citruline; Amino Acids; Nitric Oxide; 
Dietary Supplements.

Introduction
Post-exercise hypotension (PEH) is defined as a sustained 

reduction in blood pressure (BP) after a single bout of 
exercise.1 This transient reduction can last up to 22h 
after completion of an exercise session.2 For this reason, 
PEH is now considered to be an important physiological 
phenomenon,1 which can play a major role in BP 
management. It is important to emphasize that PEH is a 
physiological phenomenon characterized by a reduction 
in BP following exercise compared with pre-exercise or 
control session values, with may be sustained for some 
hours.3 Therefore, for the PEH to be clinically significant, 
an important magnitude and maintenance of this reduction 
for some hours are necessary. Furthermore, previous studies 

have reported that the magnitude of PEH following a single 
bout of exercise was correlated with chronic changes in rest 
BP after a period of exercise training.4-8

However, despite this possible relationship, some 
individuals present PEH (i.e., “responders”) while others 
do not (i.e., “non-responders”). Past studies have identified 
“responders” and “non-responders” in non-hypertensive.4,8-10 
and hypertensive populations.5,6,11 This means that, in the same 
intervention group, some individuals may demonstrate PEH 
whereas others show no changes or even an increased BP 
response to exercise training. Indeed, results from PEH studies 
are generally limited to presenting the mean BP reduction 
responses of the training group, ignoring inter-individual 
variations which can lead to misinterpretation, as positive 
effects from a given exercise training protocol may not be 
fully applied for each person individually.12

On the other hand, studies have persuasively demonstrated 
that citrulline (a non-essential amino acid) has a key role 
in the arginine-nitric oxide system, increasing nitric oxide 
(NO) bioavailability,13 an important mediator of peripheral 
vasodilation. Thus, it is possible that PEH could be more 
pronounced after citrulline supplementation, especially in 
hypertensives, since the BP responses would be different as PEH 
can be caused by different mechanisms between normotensive 
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and hypertensive individuals. Previous studies have shown that 
hypertensive individuals present cardiac output reduction,2,14 
while normotensive individuals present a reduction in total 
peripheral resistance.14-16 For this reason, a non-pharmacological 
vasodilatation strategy can help hypertensive patients to activate 
another PEH mechanism together with a cardiac output 
decrease resulting in additional PEH effects.

 Other experiments have observed that the plasma and 
salivary NO were associated with PEH after resistance17 
and aerobic exercises17-20 in subjects with chronic diseases. 
Additionally, citrulline supplementation has shown promise 
with pre-clinical (animal) evidence for atherogenic-
endothelial protection and preliminary evidence is also 
available for citrulline-induced benefits to muscle and 
metabolic health (via vascular and non-vascular pathways) 
in susceptible/older populations.21

For these reasons, this study aimed to analyze the 
inter-individual PEH responsiveness following an acute 
citrulline supplementation in hypertensives. Our hypotheses 
were: i) there would be an inter-individual variability in BP 
responsiveness following a single bout of aerobic exercise and 
ii) citrulline oral supplementation could contribute to reducing 
the rate of non-responders.

Methods

Participants
After sample size calculation (see statistical analysis session), 

40 hypertensive, sedentary individuals participated in the study. 
All volunteers (both sexes) were adults without osteoarticular 
disabilities and had medical authorization to practice physical 
exercise. Participants were recruited from an exercise program 
project linked to the university that offered stretching and 
functional exercise sessions to the external community. The study 
followed the Declaration of Helsinki and the Institutional Ethics 

Committee approved all experimental procedures and protocols 
(78697617.4.0000.0108). Each participant was fully informed 
of all potential risks and experimental procedures, after which, 
informed written consent was obtained. Table 1 shows the basic 
characteristics of the participants.

Study design
A double-blind, placebo-controlled, parallel-groups clinical 

trial was performed (Figure 1). The participants were randomly 
allocated (using a random number table - https://www.
random.org/) into four different experimental groups (exercise/
citrulline [EC]; exercise/placebo [EP]; control/citrulline [CC]; 
control/placebo [CP]). The participants ingested a sachet, 
which contained citrulline malate (CM) (6 grams) or placebo 
(6 grams of corn starch) dissolved in water.

The substances were ingested 120 minutes before the 
experimental or control session. Anthropometric measures 
were taken before the rest period. The exercise session 
consisted of a 5 min warm up (50% of 65% HR [heart rate] 
reserve) and 40 minutes of running/walking at 60-70% HR 
reserve on a treadmill. This was followed by a progressive 
cooldown (5 minutes). The exercise intensity was also 
evaluated based on the Borg22 Rating of Perceived Exertion 
(RPE 6-20 score). The RPE was collected every 5 minutes 
over the course of 40 minutes during the running/walking 
exercise period. The exercise intensity was reduced if the 
participant reported RPE ≥ 15, independently of HR.  
In the control session, the participants remained seated in 
a quiet room for 40 min.

After the exercise/control sessions, the BP was measured 
every 10 minutes over the course of 60 minutes (laboratory 
phase). Next, the participants were allowed 15 minutes to take 
a shower and change their clothes before the ambulatory BP 
device was attached on their arm. The ambulatory BP was 
recorded over 24 hours. The participants were asked to return 
to the laboratory the next day to remove the device.

Table 1 – Characteristics of participants and antihypertensive medications

Control-Placebo Control-Citrulline Exercise-Placebo Exercise-Citrulline
F p

Mean SD Mean SD Mean SD Mean SD

Age (years) 62.3 18.7 60.6 16.8 52 15.2 58.6 8.6 0.864 0.469

Weight (kg) 77.2 16.5 76.5 9.0 79.6 17.2 72.5 13.1 0.419 0.740

Height (m) 1.66 0.11 1.59 0,08 1.61 0.08 1.58 0.09 1.309 0.286

BMI 27.9 4.2 30.6 4.6 30.8 6.5 29.1 5.8 0.625 0.603

WC (cm) 98.2 9.9 101.4 9.1 98.5 14.9 99.1 11.1 0.159 0.923

N % N % N % N %

BB 3 30 5 50 5 50 3 30

ACEI 5 50 3 30 4 40 6 60

DIUR 0 0 1 10 0 0 1 10

BB+ACEI 2 20 1 10 0 0 0 0

ACEI+DIUR 0 0 0 0 0 0 0 0

BB+ACEI+DIUR 0 0 0 0 1 10 0 0

SD: standard deviation; BMI: body mass index; WC: waist circumference; BB: beta-blockers; ACEI: angiotensin-converting-enzyme inhibitor; DIUR: diuretics.
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The study protocol was registered in ClinicalTrials.gov 
(NCT03378596).

Anthropometry
The weight was measured by a digital anthropometric scale 

(Urano, OS 180A, Canoas, Brazil), with an accuracy of 0.1 kg 
and height was measured by a stadiometer with an accuracy 
of 0.1 cm, in accordance with the procedures described by 
Gordon et al.23 The body mass index was defined as the body 
mass (kg) divided by the square of the body height.

Office blood pressure (laboratorial phase)
The office BP measurements were taken with an 

oscillometric device (Omron MX3 Plus, Bannockburn, USA) 
previously validated for clinical measures in adults.24 Firstly, the 
participants remained seated (rest period) in a calm, quiet, and 
thermoneutral (22°-24°C) environment for 20 min. BP was 
measured three times during the rest period (at 10 min, 15 min, 
and 20 min). The rest BP value was considered as the average of 
these three measurements. Immediately following the sessions 
(exercise or control), BP was measured in a quiet environment 
for 60minutes. The BP measurements were taken according to 
the American Heart Association recommendations.25

Ambulatorial blood pressure measures (ambulatorial phase)
The ambulatorial BP measurements were taken with 

an oscillometric device (Dyna-MAPA – São Paulo, Brazil) 
attached on the left arm, always by the same investigator, 
in accordance with procedures described by the American 
Heart Association.25 The participants received instructions to 
keep their arm extended during the measures. The device 
was calibrated by direct comparison with a mercury 
sphygmomanometer, by a trained technical person, in 
agreement with recommendations.25

The monitor was set to register the systolic and diastolic 
BP and HR every 20 minutes during “daytime” (08:00 am 
to 11:00 pm) and every 30 minutes during “night-time” 
(11:00 pm to 08:00 am) to reduce sleep disturbances. 
The device screen was electronically blinded to avoid feedback.  
All participants were instructed to register and report their 
sleep time in a diary on the following day.

The data were recorded in the device memory and then 
sent to a computer using specific software (Aplicação Dyna 
Mapa – Version 5.0.382.12) for analysis. The average of the 
valid readings was above 90% for all participants.

Statistical analysis
Assuming a standard deviation (SD) of 5 mmHg26 for the 

systolic BP, an alpha of 5% and a desired statistical power 
of 80% for detecting a minimum difference of 7 mmHg,26 
7 subjects were required in each group. The Shapiro-Wilk 
test was employed to examine the normality of the data 
distribution. The data are presented in the text as mean 
and SD. Levene’s homogeneity test was applied before the 
ANOVA one-way. Turkey (if homogeneity was accepted) or 
Games-Howell (if homogeneity was not accepted) multiple 
comparisons were employed to examine differences between 
pairs of trials. Effect size from the paired t-test was calculated 

(d = mean/SD). The results of the periods (60 minutes, 
awake, asleep, and 24 hours) were obtained through the 
average of the respective periods. Statistical significance was 
defined as p < 0.05.

To assess the inter-individual BP responsiveness, we first 
assessed the reproducibility of pre-exercise BP between 
“-10” and “0” minutes of rest BP measures (see Figure 1). 
For this analysis, the intraclass correlation coefficient (ICC, 
model 2,k), coefficient of variation (CV) and standard error 
measurements (SEM) were considered. The CV between 
pre-exercise BP measurements was calculated as follows: 
CV = 100x(2x(SDd/√

2)/(X1+X2). SDd represents the SD 
of the differences between the 2 measurements, and X1 
and X2 represent the 2 measurement means, respectively. 
SEM = SDx√(1-ICC), with SD representing the SD of 
the first pre-exercise BP measure. The SEM was used as 
a measure of variability, but primarily for the minimal 
detectable change (MDC) calculation. MDC, which is 
the minimal change necessary to provide confidence that 
the results are not a random variation or measurement 
error, was calculated as follows: MDC=z-score (95% CI)
xSEMx√2. All above-mentioned procedures were adopted 
according to Haley and Fragala-Pinkham27 and Darter et al.28 
The participants were considered as “responder” if their BP 
reached a value equal to or greater than the MDC.

The statistical analysis was generated using the SPSS, version 
20, system for windows.

Results
The exercise intensity was reduced for three participants 

(15 [EC], 18 and 19 [EP]) because they reported RPE ≥ 15. 
The exercise intensity based on HR reserve varied between 
51-59% during the time (9 ± 3 minutes) that they could not 
keep 60-70% HR reserve.

The results of the variables related to the MDC calculation 
were: 0.915 (ICC), 5.08 (CV), 5.25 (SEM) and 2.37 (MDC) for 
systolic BP, and 0.846 (ICC), 5.64 (CV), 3.74 (SEM) and 1.69 
(MDC) for diastolic BP.

Table 2 presents the absolute and relative BP changes in 
the different experimental groups. A significant reduction 
in systolic BP was identified for the EC when compared 
with the CP in the first 60 minutes (relative changes) after 
the experimental session. The same lowering effects were 
observed over the course of 24 hours (absolute changes) and 
for the “awake” and “24 hour” periods, considering relative 
changes (Δ% Awake and Δ% 24 hours) compared to the CP. 
No significant differences were found for the CC and EP.

Table 3 presents the effect sizes from the paired t-test (rest 
vs 60 min, awake, asleep, and 24 hours) for each experimental 
group. Considering systolic BP, the CP showed a significant effect 
for the asleep and 24 hours, the EP showed a significant effect 
for the awake and asleep, and the EC showed a significant 
effect for all periods (60 min, awake, asleep, and 24 hours). 
Additionally, considering diastolic BP, the CP presented a 
significant effect for the asleep, the CC presented a significant 
effect for the 60 min, asleep, and 24 hours, the EP presented a 
significant effect for the awake and asleep, and the EC presented 
a significant effect for the awake, asleep, and 24 hours.
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Figure 1 – Study design.
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Table 2 – Absolute (rest, 60 min, awake, asleep, and 24 hours) and relative (Δ% 60 min, Δ% Awake, Δ% Asleep, Δ% 24 hours) blood 
pressure changes

Control-Placebo Control-Citrulline Exercise-Placebo Exercise-Citrulline
F p

Mean SD Mean SD Mean SD Mean SD

SBP

Rest (mmHg) 140 19 132 15 136 12 142 20 0.714 0.550

60 min (mmHg) 138 19 137 14 130 9 127 15 1.240 0.310

Awake (mmHg) 127 11 128 8 124 11 126 8 0.334 0.801

Asleep (mmHg) 125 16 120 14 126 10 126 15 0.465 0.709

24 hours (mmHg) 128 11 125 9 127 10 125 13 0.216 0.884

Δ% 60 min –2.3 3.4 5.4 9.4 –6.3 11.4 –15.0** 8.1 9.737 < 0.001

Δ% Awake –9.7 12.5 –4.2 12.3 –9.1 15.2 –21.0 16.7 2.469 0.078

Δ% Asleep –15.8 14.0 –9.8 16.2 –9.5 19.5 –17.0 14.1 0.588 0.627

Δ% 24 hours –11.5 12.4 –6.0 12.6 –9.2 16.3 –20.1 16.8 1.935 0.141

DBP

Rest (mmHg) 82 5 80 9 86 11 85 10 0.889 0.456

60 min (mmHg) 83 9 84 8 86 10 85 10 0.237 0.870

Awake (mmHg) 80 8 75 8 79 7 71 9 2.847 0.051

Asleep (mmHg) 75 11 70 8 76 10 71 10 1.083 0.369

24 hours (mmHg) 82 8 73 7 79 8 71* 9 3.999 0.015

Δ% 60 min 0.4 5.9 4.1 4.8 1.0 7.2 0.1 7.4 0.796 0.504

Δ% Awake –1.5 5.2 –4.7 7.3 –6.8 8.1 –13.9† 6.2 5.917 0.002

Δ% Asleep –6.6 9.1 –10.0 8.0 –9.2 11.1 –13.2 7.3 0.923 0.439

Δ% 24 hours –3.3 6.1 –6.8 6.9 –7.6 8.4 –14.5* 6.4 4.505 0.009

SD: standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure; Δ%: +/- percent change from “rest” value. *: p < 0.05 vs control-placebo (Tukey 
post-hoc); **: p < 0.05 vs control-placebo and control-citrulline (Games-Howell post-hoc); †: p < 0.05 vs. control-placebo and control-citrulline (Tukey post-hoc).
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Table 3 – Effect size from Paired t test (versus rest [d = mean/SD])

Control-Placebo Control-Citrulline Exercise-Placebo Exercise-Citrulline

ES p ES p ES p ES p

SBP

60 min 0.61 0.084 -0.56 0.109 0.53 0.127 1.81 < 0.001

Awake 0.69 0.055 0.26 0.428 1.00 0.011 0.74 0.042

Asleep 0.73 0.044 0.65 0.068 0.83 0.027 0.78 0.034

24 hours 0.92 0.017 0.48 0.156 0.57 0.102 0.88 0.020

DBP

60 min –0.12 0.717 –0.91 0.018 –0.12 0.707 –0.01 0.968

Awake 0.32 0.333 0.71 0.051 0.81 0.030 2.06 < 0.001

Asleep 0.84 0.027 1.21 0.004 0.90 0.019 2.16 < 0.001

24 hours 0.04 0.905 0.97 0.014 0.65 0.071 2.27 < 0.001

SD: standard deviation; ES: effect-size; SBP: systolic blood pressure; DBP: diastolic blood pressure.

The percentages of responders and non-responders in 
the different experimental groups for different time periods 
(60 min, awake, asleep, and 24 hours) are shown in table 4. 
The percentages of the systolic BP responders varied from 
20% (CC) to 90% (EC) for 60 min; 60% (CC and EP) to 100% 
(EC) for awake; 60% (CC and EP) to 90% (EC) for asleep; and 
60% (CC and EP) to 90% (EC) for 24 hours.

The percentages of the diastolic BP responders varied from 
10% (CC) to 40% (CP) for 60 min; 50% (CP) to 100% (EC) for 
awake; 70% (CP) to 100% (CC and EC) for asleep; and 60% 
(CP) to 100% (EC) for 24 hours.

Absolute systolic and diastolic BP individual changes for 
each experimental group in the 60 min, awake, asleep, and 
24 hours are presented in Figures 1 (systolic) and 2 (diastolic). 
All participants in the EC demonstrated a reduction in systolic 
BP in the 60 min, awake, and 24 hours. For the asleep 
period, only one EC participant (number 23) did not present 
a reduction in systolic BP (Figure 2).

All participants in the EC presented a reduction in diastolic 
BP in the awake, asleep, and 24 hours (Figure 3).

Discussion
The main findings of this study were: (i) there was 

considerable inter-individual responsiveness variability in 
systolic and diastolic BP responses following all experimental 
protocols, (ii) despite the inter-individual responsiveness 
variability, there was PEH only when associated with CM 
supplementation. To the best of our knowledge, this is the first 
report on inter-individual analysis of PEH following a single 
bout of aerobic exercise preceded by CM supplementation 
in hypertensive subjects.

Unlike the other experimental groups, there were no 
“non-responders” in the EC for “awake” (systolic and diastolic 
BP) and “24 hours” (diastolic BP). These results are interesting 
since “non-responders” have generally been identified both 
in non-hypertensive9,10 and hypertensive5,6 populations.  
It is important to clarify that in an intervention group, some 

individuals may demonstrate improvement in a given outcome 
(responder) whereas others show no changes or even an 
adverse response to exercise training (non-responders or 
adverse responders).9 In fact, the heterogeneity of responses to 
exercise training is a current concern in exercise investigations29 
since even homogeneous samples may demonstrate a wide 
range of heterogeneous responses.12 In addition, results of PEH 
are generally limited to presenting the average reductions in 
the experimental group, ignoring inter-individual variations12 
which can lead to misinterpretation since not all individuals 
respond favorably.

It is important to consider that the results reported by 
central tendency measures can vary depending on the analysis. 
In medical studies, it is common to take measurements 
before and after medical interventions. How to measure 
the changes from baseline is a common question posed by 
researchers. For example, in the present study, when absolute 
values were used for inter-group comparisons (Table 2), no 
statistical differences were found for systolic BP. On the other 
hand, using the percentage difference (delta), a significant 
reduction was found in the EC for “60 min” post-exercise. 
Another inconsistency can be seen in diastolic BP analysis. 
When absolute values were used for inter-group comparisons, 
a significant difference was found in the EC for “24 hours” 
post-exercise. On the other hand, using the percentage 
difference, significant reductions were found in the EC for 
“awake” and "24 hours" post-exercise. In specific situations, 
some studies (e.g., Vickers)30 suggested avoiding using 
percentage changes. Despite these inconsistencies, clinicians 
may prefer to choose the method that will most obviously 
demonstrate the health-improvement. Some researchers 
may choose the method that can be best understood by the 
majority of people interested in the research.

However, one of the most common questions driving 
the evaluation of intervention programs is "how does this 
effect compare with the effects of other interventions?". 
Therefore, previous studies have encouraged the use of “effect 
size” in quantitative studies.31 Researchers are often stimulated 
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Table 4 – Percentage of responders and non-responders and inter-individual percentage changes (min; max) on Control-Placebo, 
Control-Citrulline, Exercise-Placebo and Exercise-Citrulline groups

Control-Placebo Control-Citrulline Exercise-Placebo Exercise-Citrulline

N Min:Max (%) N Min:Max (%) N Min:Max (%) N Min:Max (%)

SBP

60 min

Responders 5 (-2;-7) 2 (-2;-4) 7 (-2;-17) 9 (-2;-18)

Non-responders 5 (-1;2) 8 (-1;17) 3 (0;10) 1 (-1;-1)

Awake

Responders 8 (-2;-18) 6 (-4;-16) 6 (-9;-24) 10 (-3;-33)

Non-responders 2 (0;9) 4 (5;16) 4 (2;13) 0 -

Asleep

Responders 8 (-5;-21) 6 (-2;-33) 6 (-8;-32) 9 (-3;-28)

Non-responders 2 (4;7) 4 (-1;9) 4 (0;13) 1 (1;1)

24 hours

Responders 8 (-5;-18) 6 (-2;-20) 6 (-6;-26) 9 (-2;-31)

Non-responders 2 (0;9) 4 (-1;14) 4 (1;11) 1 (-1;-1)

DBP

60 min

Responders 4 (-3;-13) 1 (-7;-7) 3 (-3;-10) 3 (-3;-13)

Non-responders 6 (0;12) 9 (1;14) 7 (-1;18) 7 (-2;22)

Awake

Responders 5 (-3;-13) 7 (-2;-19) 6 (-3;-21) 10 (-8;-27)

Non-responders 5 (-1;10) 3 (0;10) 4 (-1;1) 0 -

Asleep

Responders 7 (-6;-30) 10 (-1;-31) 8 (-3;-28) 10 (-6;-28)

Non-responders 3 (2;5) 0 - 2 (6;6) 0 -

24 hours

Responders 6 (-3;-15) 8 (-1;-20) 8 (-3;-22) 10 (-7;-25)

Non-responders 4 (-2;6) 2 (5;5) 2 (-2;2) 0 -

SBP: systolic blood pressure; DBP: diastolic blood pressure.

to report effect sizes for three reasons. First, to present the 
magnitude of the reported effects in a standardized metric; 
second, effect sizes allow researchers to draw meta-analytic 
conclusions by comparing standardized effect sizes across 
studies, and third, effect sizes from previous studies can be 
used when planning a new study, providing an indication of the 
average sample size needed.32 In the present study, we found 
that the effect sizes (from the paired t-test [versus rest]) were 
more consistent in the EC for systolic and diastolic ambulatorial 
BP response, however, it is important to highlight that for 
diastolic BP the effects were “large” (> 0.8) for “awake”, 
“asleep”, and “24 hours” in the EC.

Despite some inconsistencies in the "effect size" outcomes 
for systolic and diastolic BP in the other experimental groups, 
the percentage of “responders” and “non-responders” 
and inter-individual percentage changes in the different 
groups (Table 4) could aid understanding. There were no 

“non-responders” in the EC for systolic and diastolic BP 
responses for “awake” (systolic and diastolic), “asleep” 
and “24 hours” (diastolic). These responses are important, 
considering that the BP response following a single bout of 
exercise has been considered as a simple predictive clinical 
tool that can help to identify and manage “high responder” 
and “low responder” subjects to exercise training.33

Concerning the physiological mechanisms that might be 
involved in this response, we hypothesized that the vascular 
resistance reduction due to increased NO concentration 
could potentiate the PEH. Previous studies reported that oral 
citrulline supplementation raises plasma arginine concentration 
and augments NO production by the citrulline-NO cycle.34,35 
It is exactly because of this vasodilation resulting from greater 
NO release that citrulline oral supplementation might potentiate 
the PEH response, especially in hypertensive individuals. 
It is important to highlight that hypertensive individuals present 
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Figure 2 – Individual changes – Systolic blood pressure. Dashed line: MDC (minimal detectable change).
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deficiency in peripheral vasodilation modulators, such as a 
compensation mechanism so autonomous nervous system can 
work to reduce cardiac output.2,14 For this reason, we expect that 
citrulline oral supplementation could contribute to improving 
the peripheral vasodilation mechanisms in hypertensive 
individuals, resulting in a greater magnitude and/or duration of 
PEH. Unfortunately, in the present study we did not evaluate 
important NO biomarkers such as nitrite and nitrate.

Independent of the mechanisms that are involved in this 
response, the present study demonstrated that the exercise 

plus citrulline (intermediate of NO metabolism) caused 
a greater hypotensive effect and this effect can last up to 
24 hours. This finding suggests that NO might be involved in 
this response36 and it might be over stimulated by exercise plus 
citrulline compared to one of them in isolation.

Concerning the CP and CC results, we expected that acute 
citrulline supplementation, independent of exercise, could 
contribute to improving hypotension effect, resulting in a 
lower prevalence of non-responders in comparison to CP. 
Contradicting our hypothesis, the results indicate that acute 
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Figure 3 – Individual changes – Diastolic blood pressure. Dashed line: MDC (minimal detectable change).

31
28
5

33
36
21

3
39

38
26
35

1
12
30

17

2
32
18
19
22
11
10
8
7

15
40
13

9
23
6

14
16
25

24

27

34

29
37

4

20

3
28
36
31
20
5

39
21

38
12
26

1
35
37

27

18
19
22
11
2

10
8
7

32

23
15
9

14
6

16
40
25
13

24

17

34

30
29

33

4

3
28
36
5

31
20

39
21

38
12
30

1
37
35

17

22
11
18
19
2
7
8

10
32

23
15
9

14
16
6

25
40
13

24

27

34

29
26

33

4

28
5

36
31
3

20

39
33

12
37
30

38
27
35

17

34
22
7

11
18
19
2
8

32
10

23
15
40

16
14
24
6

25
13

9

1

29
26

21

4 Control-Placebo

Control-Citrulline

Exercise-Placebo

Exercise-Citrulline

Diastolic Blood Pressure – Individual Variation

–20 –10 0 2010
60 min

–30–40 –20 –10 0 10
Asleep

–20–30 –10 0 10(mmHg)
24 hours

–10–20–30 0 20
Awake

citrulline supplementation was not related to lower prevalence 
of non-responders. Previous studies have demonstrated that 
the acute ingestion of citrulline increased NO synthesis, 
but endothelium-mediated vasodilation was not improved 
in older adults with heart failure.37 Recent studies have 
evaluated endothelial function after some days of citrulline 
supplementation. Bailey et al.,38 found increases in nitrite 
levels (21%) after 7 days of citrulline supplementation in 
healthy young men. Likewise, oral citrulline supplementation 

(6 g/day) for 7 days increased plasma nitrate levels by 37% 
in middle-aged men with increased arterial stiffness.39 
Evidence suggests that resting BP level may influence the 
hypotensive effect of citrulline supplementation. For instance, 
previous study found decreases in BP (7/3 mmHg) after 8 weeks 
of citrulline supplementation (6 g/day) in prehypertensive and 
hypertensive obese postmenopausal women.40 Therefore, we 
suppose that citrulline supplementation (without exercise) can 
induce vasodilation only after some weeks.
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